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PLASMODIUM OVALE IN LIBERIA! 


. 5S. BRAY 


The Liberian Institute of th merican Foundation for Tropical Vedic 
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Introduction 


In recent years it has become increasingly evident from reports by malariol- 
ogists in West Africa that P. ovale is not uncommon in West Africa, whereas 
P. vivax is very rare. Specifically, Bruce-Chwatt et al., (1955), Bruce-Chwatt 
(1955) and Archibald (1956) report P. ovale but not P. vivax in Nigeria. 
Colbourne and Wright (1955A, 1955B) report P. ovale and no P. vivax in Ghana. 
Languillon et al. (1955) report P. ovale in the French Cameroons and make no 
mention of P. vivax. MacGregor (Personal communication, 1956) reports P. 
ovale but no autochthonous P. vivax in the Gambia. Further inland in the Haut 
Volta, Masseguin and Palinacci (1955) report 8 cases of P. ovale and only one 
of P. vivax. Finally, the W.H.O. conference on Malaria in Africa (1956) noted 
“the apparent absence of P. vivax from some areas of West Africa” and called 
for mapping of the incidence of P. ovale in Africa. Nonetheless, P. vivax has in 
the past been reported frequently from West Africa. In Liberia, Young and 
Johnson (1949) reported 2 per cent P. vivax and one case of P. ovale in 10,128 
persons. 

In the present study it was intended to examine critically as many cases of 
infection with malaria parasites in Schiiffner stippled erythrocytes as could be 


found in order to determine 1) the rate of these parasites; 2) their true identity; 


3) the morphological characteristics which are of constant value in West Africa 
for the differentiation between P. ovale and P. vivax; 4) the effect of atmospheric 
relative humidity upon the appearance of the host erythrocyte in P. ovale in- 
fections. 


MATERIALS AND METHODS 


On 3 occasions surveys were made with the deliberate intention of finding 
P. ovale or P. vivax. A survey of 100 children aged 5-15 years in the Marshall 
territory was made in December 1955 and January 1956. A similar survey of 
100 children aged 1-4 years was made in the same area in December 1956 and 
January 1957. A thick and a thin blood film were taken from each child and 
stained with Giemsa stain; 500 fields (12.5 X ocular, 97 X objective) were 
examined in the thick film, and then not less than 1,000 fields (12.5 X ocular, 
20 X objective) of the thin films from parasite-positive cases were examined. 

A survey was made of 434 persons of all ages from villages in the Vonjama- 
Kolahun district of the Western Province. In this case 300 fields of the thick 
film were examined and thin films were used only in the diagnosis of infections 
with malaria parasites in Schiiffner-stippled erythrocytes. 


1 This investigation was supported by a research grant (RG-4533) from the National 
Institutes of Health, United States Public Health Service 
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A number of other cases turned up in routine malaria surveys made for various 
purposes, in particular in the local school of the area. Whenever possible these 
cases were followed up with thin films as long as the infection lasted. 

Lastly, 6 thin films were sent to me from the Western Province and 11 thick 
films from the Gbanga district of the Central Province, which had been diagnosed 
elsewhere as P. vivax. 

In 18 cases blood was examined in the following manner: thin blood films were 
taken at various times under the normal atmospheric conditions prevailing at this 
Institute. At the same time, thin blood films were taken in a room where the 
relative humidity had been reduced to 40 per cent. These films were dried in 
the stream of dry air issuing from the dehumidifying machine. Both sets of films 
were stained identically with Giemsa stain and the appearance of the host 
erythrocyte noted. 

In 4 cases Anopheles gambiae were fed when gametocytes were present. On one 
occasion a strain was isolated by sporozoite transmission to a splenectomized 
chimpanzee and from it via A. gambiae to another chimpanzee and to a Liberian 
child aged 9 years 

RESULTS 


The results of the surveys are set out in Tables 1, 2 and 3. Briefly, the survey 
of children aged 5-15 years showed a parasite rate of 85 per cent and a P. ovals 
rate of 9 per cent. The survey of children aged 1-4 years showed a parasite rate 


of 87 per cent, a P. ovale rate of 10 per cent and a P. vivax rate of 1 per cent. The 


survey of villages in the North showed a parasite rate of 60.8 per cent and a 
P. ovale rate of 4.4 per cent. 
Blood films from various surveys in the Marshall Territory and Centra 


TABLE 1 
Pa asite rates among child) n 6-16 years old in Va shall Territor TP Liberia 


> 
alci , 
P. falci P. falcipa 


P. fal P. ma 
rum, P 


ciparum lariae 


Numbers 5 83 


Percentage of positives OS 17 


TABLE 2 


Parasite rates among children 1-4 years old in Marshall Territory, Liberia 


P. falci tal > fal P. falci 
. . P. falci >. falei parum 
Exam- Posi- P. fal P. ma P P parum - ‘ 
F . he , arum, arum, P. mala 
ined tive ciparum) lariae ovale vivax P.ma pers P : 
‘ete el P. ovale P. vivax riae, I 
reesines ovale 


Numbers 
Percentage of 
positives 
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TABLE 3 


Parasite rates in ages in the ( ama-Kolahun district of the Western Pro 


Under 1 yr 
Percentages 
1-2 
Percentage 
3-4 
Percentage 
5-7 
Percentage 
S-10 
Percentage 
11-15 
Percentage 
16-29 
Percentages 
d0-over 
Percentages 
Total percent 134 264 
ages 60.8 
Percentages 
of positives 


re rametocytes in pare! t] 


Province areas revealed 37 further cases of P. ovale and one case (a male child, 
‘‘Logan’’) which had characteristics of both P. ovale and P. vivax. Five of these 
cases occurred in two villages during a 5-month period after the cessation of a 
2-year mass prophylaxis experiment using pyrimethamine. All of these 37 cases 
were confirmed in thin films; 18 of them by the quick-drying method. Seven 
further cases in the area were diagnosed as P. ovale infections in thick films only. 

Of the 6 stained thin blood films sent from the Western Province 3 were found 
to contain P. ovale, 1 showed P. malariae and the other 2 had faded so that 
diagnosis was impossible. In the 11 stained thick blood films sent from Gbanga 
district 9 were diagnosed as P. ovale infections (usually mixed), one contained 
only P. faleiparum and one, which contained only rings and trophozoites (the 
latter in Schiiffner stippled erythrocytes), was not diagnosed. 

Thus, a total of 78 cases of P. ovale infection have been recognized in thin films 
and a further 16 cases of P. ovale infection have been diagnosed in thick films 
only. Further confirmation has been made in 18 cases where the infection was 
followed for one to several days and quick-dried thin films were examined. 

It was found that in Marshall Territory oval and/or fimbriated host erythro- 


cytes were never found consistently in P. ovale infections when seen in thin films 


made under normal atmospheric conditions. However, when thin blood films 
were taken in an atmosphere of 40 per cent relative humidity and immediately 
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e. 
Fic. 1. The five parasitized red cell shapes encountered in P. ovale infections 
a. Normal cell. b. Normal fimbriated cell. ¢. Distorted cell. d. Oval cell. e. Oval fimbriated 
cell 


TABLE 4 
Distribution of host cell shapes in slowly and quickly dried thin films from P. ovale infections* 
Number of 


parasitised Normal 
cells 


Normal 
fimbriated 


Oval fim 


Distorted Oval briated 


Patient P 
Normally dried 
Quickly dried 
Patient K 
Normally dried 
Quick!y dried 
Patient T 
Normally dried 
Quickly dried 
Patient D 
Normally dried 1,000 
Quickly dried 1,000 245 


Approximate percentages in parenthesis 


dried, or when films were made in the Vonjama-Kolahun areas of the Western 
Province, it was found that oval host erythrocytes were found consistently and 
fimbriation was common. 

The host erythrocyte in P. ovale infections may be divided into 5 categories 
which are illustrated in Fig. 1. The distribution of these host erythrocyte types 
in two simultaneous sets of thin blood films taken from 4 cases of P. ovale infec- 
tion is set out in Table 4. 

In 3 of the cases from Marshall Territory A. gambiae were fed and in each case 
became infected. In one case many o6cysts were found and 38.4 per cent of these 
were found to possess the cross-pigment formation typical of P. ovale. In the other 
two cases not so many odcysts were found but the cross-pigment formation was 


found in 4 out of 10 o6cysts in one case and 9 out of 16 odcysts in the other. 


One of the strains isolated in A. gambiae was transmitted to chimpanzees and 
the results of this work have been published elsewhere (Bray, 1957). 


DESCRIPTION OF P. OVALE IN LIBERIA 


The parasite. The early asexual forms are typical of P. ovale. The schizonts 
are typified by exceptionally large nuclei. The pigment, which is dark brown with 
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a greenish tinge, does not clump until late. The mature schizont does not com- 
pletely fill the host erythrocyte if 8 merozoites are produced but in those cases 
where 10 or more merozoites are produced the host erythrocyte is completely 
filled. In most cases the typical number of merozoites is 8 but several infections 
have been seen with 12-, 14-, and 16-nucleated schizonts or with 12, 14 and 16 
merozoites. One strain which produced 8 merozoites as a rule in the original infec- 
tion produced an average of 12 merozoites (8-16) in the chimpanzee. 

Five hundred nuclei of the 4-nucleated schizonts were found to measure an 
average of 2.274 x 1.64yu, (3.8-1.5u) x (2.4-1.2u), as compared with 500 P. 
vivax nuclei of 4-nucleated schizonts which measured 1.02y x 0.97, (2.0-0.9u) x 
(1.1-0.8u), and 500 nuclei of 8-nucleated schizonts which measured 0.95y x 
0.88y, (1.8-0.8u) x (1.2-0.6y). 

The gametocytes are typical and many show a distinctive appearance of the 
pigment; this is in the form of bars which are arranged tangentally in concentric 
circles within the cytoplasm. 

The host erythrocyte. The host erythrocyte is stippled when containing older rings, 
trophozoites, schizonts and gametocytes. It is only slightly enlarged by all 
these forms except the 12-, 14-, and 16-nucleated schizonts, which cause gross 
enlargement. When the local atmospheric conditions show a relative humidity 
of 70 to 100 per cent, the host erythrocyte in thin films is only rarely oval or 
fimbriated. When the relative humidity is lower, the host erythrocyte is usually 
oval and frequently fimbriated. When the host erythrocyte is oval the Schiiffner’s 
dots show a tendency to be irregular in size with some a little coarser than is 
usually the case with P. vivax. When the host erythrocyte is round or roughly so, 
the Schiiffner’s dots are regular and resemble those caused by P. vivaz. 

Description of the parasites in the child ‘“‘Logan’’. In the thick film the tropho- 
zoites were either compact or fragmented. The latter term is used to mean that 
the cytoplasm was broken up into discrete islands, usually 3 or 4, scattered in the 
host erythrocyte. Sometimes one island, sometimes none, was associated with the 
nucleus. The schizonts showed up to 12 large nuclei. Schiiffner’s dots were 
prominent on the host erythrocyte. 

Thin films were made both in the normal atmosphere and in an atmosphere of 
40 per cent relative humidity. The enlarged and stippled host cells were round 
or mildly distorted in both sets of films. The older rings showed some ameboid 
activity and the trophozoites were more or less evenly divided between compact 
and ameboid forms. The pigment was yellow-brown. An extra-nuclear chomatin 
dot appeared frequently in the trophozoites. The schizonts displayed 8, 10 and 
12 large nuclei and they grossly enlarged the host erythrocyte. No mature 
schizonts could be seen. The gametocytes showed black-brown bars of pigment 
sometimes arranged tangentally. 

Twenty A. gambiae fed on this case became infected. Nine were dissected on 
the 4th and 5th days after feeding and of these 4 were positive, showing 8 oécysts; 
5 of the 8 odcysts showed a cross pigment formation typical of P. ovale. It 
should also be noted that recently a similar morphology of the erythrocytic 
forms has been noted during a P. ovale relapse in a chimpanzee. 
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DESCRIPTION OF P. VIVAX IN LIBERIA 

The one case showing P. vivax displayed mainly schizonts in the blood with a 
few trophozoites and gametocytes. The infection was noted in a survey and the 
infection was not seen when blood was examined 3 days later. The trophozoites 
were largely ameboid. The host erythrocytes of the older trophozoites and of the 
schizonts were stippled and grossly enlarged. The schizonts showed 10, 12 and 16 
small nuclei. The pigment was golden-brown except in the gametocytes where it 
appeared as brown-black bars. 

DISCUSSION 

The two points arising from this work which require discussion are the recogni- 
tion and status of P. ovale in Liberia, and the status of P. vivax in this and other 
areas of West Africa. 

On the first point it is immediately obvious to the worker here that the longer 
a blood film is examined the greater will be the apparent incidence of P. ovale, 
as it is rarely numerous in the blood. 

The criteria for the identification of P. ovale raise a more difficult point. The 
currently accepted characteristics of the blood forms of P. ovale are briefly: 

1. The mean number of merozoites produced is 8 with a range of 4 to 16. 

2. The host erythrocyte is frequently oval in shape and sometimes fimbriated. 

3. The older forms cause Schiiffner’s dots to appear on the host erythrocyte. 

. The parasite is usually compact, non-ameboid, smaller than P. vivax and 
does not grossly enlarge the host erythrocyte. 

Other criteria are a consistent infectivity to Negroes and a periodicity of about 
2 days. 

The work of Hauer (1937) and Garnham et al. (1955), and the observations of 
Adler and Zuckerman (1952) and Boch (1939) make it obvious that an average 
number of 8 merozoites is not a constant factor and that an average of 12 
merozoites and as many as 18 merozoites are possible phenomena in P. ovale 
infections. The lability of merozoite numbers demonstrated by Hauer (1937) 
and Garnham et al. (1955) was emphasized in the present study by the behavior 
of the strain of P. ovale isolated in chimpanzees. The few mature schizonts seen 
in the human donor contained 6 or 8 merozoites. In the primary attack of P. 
ovale in the splenectomized chimpanzee the average number of merozoites was 
12 (8-16). If 16-nucleated schizonts are seen in any number in an ovale infection 
it is obvious that the number of nuclei alone is not a useful criterion. Such 
schizonts can be found not infrequently in Liberia, as might be expected in an 
area of endemic malaria from the observations of Garnham et al. (1955) made on 
these forms in relapses. 

The observations of Sinton (1955) have shown not only that the oval host 
erythrocyte in P. ovale infections is an artifact caused by streaming or mechanical 
movement, but that the artifact is of only temporary duration in a wet prepara- 
tion. The artifact is visible only if it is fixed (by drying) during its short life. At 
this Institute at an atmospheric relative humidity of 70-100 per cent, thin 
blood films dry slowly and it has become obvious that this allows the distorted 
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host erythrocyte sufficient time to regain its normal spherical shape. If, however, 
the thin blood film is dried quickly at a lower relative humidity, the distortion 
is fixed before recovery can take place. Thus, this artifact is of little diagnostic 
use under conditions of high atmospheric relative humidity; only as the relative 
humidity drops does the artifact become increasingly evident. It can be said that 
the occurrence, and thus the diagnostic value of the artifact, is in inverse propor- 
tion to the relative humidity. 

There remains the added possibility that Liberian strains of P. ovale cause less 
distortion of the host erythrocyte. This was not the experience of Jeffrey et al. 
(1955) who compared Liberian P. ovale with West Pacific P. ovale. 

Thus, in the coastal areas of Liberia two important criteria in the diagnosis of 
P. ovale are lost. Two important criteria still remain. First, and most important, 
the older parasites cause Schiiffner’s dots to appear on the host erythrocyte. 
This, however, still leaves open the differentiation between P. ovale and P. vivax. 
Second, there is the relative compactness of P. ovale compared to P. vivaz, 
which refers only to the compactness of the trophozoites and the smallness of the 
schizonts having up to 10 nuclei. Combined with this is the lesser (compared 
to P. vivax) enlargement of the host erythrocyte. This, too, must be modified, 
as the 12-, 14-, and 16-nucleated schizonts grossly enlarge the erythrocyte. 

To these two a third important criterion should be added. The nuclei of P. 
ovale schizonts, when fixed dry and stained in the normal manner with Giemsa, 
are twice the size of the equivalent forms of P. vivax and are usually oblong, less 
dense, and red. The equivalent nuclei of P. vivax are usually spherical, dense and 
red-purple. This effect is probably more apparent than real, as it seems on careful 
examination that only a portion (nucleolus, chromosomes?) of a vesicular nucleus 
in P. vivax schizonts is stained, whereas the whole nucleus of P. ovale is made 
visible. 

In Liberia, then, the two consistent features which are of use in the diagnosis 
of P. ovale in blood films are: 

1. The presence of Schiiffner’s dots on the host erythrocyte containing the 
older parasites. 

2. The large, oblong appearance of the nuclei in the schizonts. When con- 
sidering all other criteria the modifications outlined above must be kept in mind. 

There are some minor characteristics of P. ovale which may be useful but which 
alone are not diagnostic. The pigment is dark brown with a greenish tinge and is 
more akin to that of P. malariae than that of P. vivax. The pigment in the gameto- 
cytes is usually barshaped and often is arranged tangentially in concentric rings. 

As to the question of misdiagnosis, I have had the opportunity of examining a 
number of thick and thin blood smears from both Liberia and Ghana which have 
been diagnosed as P. vivax infections. In my own laboratory I have examined 
blood films diagnosed by others as possible P. ovale infections. Three outstanding 
errors were evident: 

1. The diagnosis of frank P. ovale infections as P. vivar. This seems to arise 
simply from an unawareness of P. ovale as a possible infection in West Africa. 

2. The diagnosis of the old rings of P. falciparum as P. vivax or P. ovale. This 
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is by no means an uncommon error. Just before its disappearance from the 
peripheral circulation the P. faleiparum ring imparts to the host erythrocyte a 
pink blush visible in well-stained thick films. This blush never shows any discrete 
dots and a glance at the thin film will show typical P. falciparum rings and 
Maurer’s clefts in the host erythrocyte. 

3. In rare cases the diagnosis of schizonts and gametocytes of P. malariae as 
P. ovale. These are the rare cases (seen only twice in this study) where Ziemann’s 
stippling (?) shows strongly with normal staining. There is a distinct pink halo 
around the old forms in both thick and thin films. This is not evident in other 
P. malariae infections stained and examined identically and simultaneously. The 
halo of pink is even, and no dots of either the Schiiffner or Ziemann type can be 
distinguished. The earlier stages are always unmistakably P. malariae. 

Some information has accrued on the incidence and epidemiology of P. ovale in 
Liberia. Four principal aspects may be discussed in the light of this information. 

First, the overall rate of P. ovale in the population of Liberia is about 4-5 
per cent if sufficient blood is examined to uncover the less dense infections. The 
density of the infection is usually low and most often the number of P. ovale 
parasites to be found in any individual ranges from 5 to 100 parasites/cu.mm. 
of blood. Though the infection predominates in children, it has been seen in 
individuals from 11 months to 33 years of age. The variation in density of infec- 
tion with age is not great. Only one case of clinical malaria due to P. ovale has 
been seen. The patient was an adult and the parasite count was 2,300/cu.mm. On 
the other hand, even when the infection is scanty, gametocytes commonly 
accompany the asexual forms and infection of A. gambiae is not difficult. The 
duration of the infection, once uncovered, is short and rarely can be seen for 
more than 2 days. One item of dubious significance is that all 4 P. ovale infections 
in adults seen during the survey in the North were in females. Infections in adult 
males have been seen elsewhere. 

Second, though present in only 4-5 per cent of the population at any one time, 
a much higher proportion of the population harbors P. ovale over the several 
months (December to March) of peak appearance of the parasite. For example, 
the pupils of Charlesville School, Marshall Territory, were examined weekly in 
in February and March, 1956. On the average 40 pupils aged 6-18 years were 
examined each week by routine thick-film methods. In the two months the aver- 
age weekly incidence of P. ovale was 5 per cent. The incidence of P. ovale in the 
pupils over the two month period was 22 per cent. Only one pupil displayed P. 
ovale in the blood in two consecutive weekly examinations. 

Thirdly, evidence collected from routine malaria surveys carried out over the 
whole year make it obvious that a peak period of appearance of P. ovale does 
exist in Liberia. Thus, in one survey P. ovale was seen 5 times in the period 
December to March and twice in the rest of the year. In the period December to 
February 9 infections with P. ovale in 100 children of the 5-15 years age group 
were found, whereas in June 67 children of the same age and in the same area 
displayed only 2 infections. In Charlesville School 9 infections were seen in the 
period February and March and only 2 infections were seen in the period April 
to August. This period has varied in the two years in which it has been studied 
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here, but it seems to be a period commencing about 2 months after the cessation 
of the rains until the recommencement of the rains. This period is also one of a 
relatively high incidence of P. malariae and a relatively low incidence of P. 
falciparum. 

Fourthly, 5 new cases of P. ovale infection, all in infants, have been uncovered 
in two villages within 5 months after the cessation of an efficient and successful 
mass prophylaxis experiment using pyrimethamine (Miller, 1957). During the 
two years of prophylaxis no P. ovale infections were seen in the two villages 
although it appeared in nearby control villages. This would argue a not incon- 
siderable transmission and challenge. 

The status of P. vivax in West Africa obviously is governed to a considerable 
degree by the susceptibility of West African negroes to P. vivax infection. Experi- 
ments in progress at this Institute indicate that this susceptibility (to Madagascar 
strain of P. vivax) is 5 per cent or less. Young et al. (1956) have shown that the 
susceptibility of American negroes to P. vivax is in the order of 20 per cent. It is 
obvious that it would be difficult for P. vivax to maintain itself in a purely Negroid 
population in competition with other malaria parasites and in the absence of a 
susceptible reservoir population. On this basis the existence of P. vivax in Eas 
Africa may be explained by the existence of a large reservoir population o 
Asiatics combined with the efficiency of A. gambiae as a vector, although this 
cannot be accepted as the full story (Garnham, 1954), and the ethnography of 
the East African tribes must be taken into account. 


t 
f 


In coastal West Africa there is no such reservoir population and only a scat- 
tered and scanty population of Mediterranean-littoral people exist to maintain 
a reserovir of P. vivax. Thus, in the present study only one infection accepted as 
P. vivax has been uncovered. 

This rarity or absence of P. vivax from various areas of West Africa obtains in 
the coastal and rain forest belt from the Gambia to the Cameroons and stretches 
into the savannah zones. Its borders appear to be the limits of Arab migration 
South from Morocco or where the Sahara virtually reaches the sea in Mauretania 
in the North to the French Gabon in the South, where, at Point Noire Bruce- 
Chwatt (1956) has reported true P. vivax. The situation where the rain forest 
deepens in the French Cameroons and the Belgian Congo is doubtful. 


SUMMARY 


A total of 94 infections with P. ovale have been examined in Liberia. Of these, 
16 cases have been diagnosed in thick blood films only and 78 cases have been 
diagnosed in thin blood films. In 18 cases the diagnosis was confirmed by produc- 
tion of the oval host erythrocyte by quick-drying of thin blood films. One infec- 
tion which showed features of both P. ovale and P. vivax and one infection with 
P. vivax have been examined. In surveys, P. ovale was found at a rate of 4.4 
per cent in the total population, 9 per cent in the age group 5-15 years, and 10 
per cent in the age group 1—4 years. 

The morphology of P. ovale and its host erythrocyte, together with the associa- 
tion of Schiiffner’s dots with older parasites, were the main criteria used for 
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identification; a relationship was demonstrated between atmospheric humidity 
and the occurrence of oval host erythrocytes in thin blood films. 

Epidemiological surveys indicate an overall rate of 4-5 per cent of P. ovale 
infections in Liberia, with a seasonal peak between December and March, begin- 
ning some 2 months after the cessation of the rains, when the incidence of P. 
malariae is high and that of P. falciparum is low. 

The relative insusceptibility of West African Negroes to P. vivax is judged 
the main reason for the absence or rarity of that parasite over large areas. 
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In the last few years increasing attention has been focused on the problem 
of where exactly Anopheles mosquitoes acquire their infections with human 
malaria parasites—Plasmodium falciparum in particular—and the extent to 
which in a malarious area each human age group contributes towards the natural 
infections in the mosquitoes (Muirhead-Thomson and Mercier, 1952; Davidson 
and Draper, 1953; Draper, 1953; Muirhead-Thomson, 1954). In a previous in- 
vestigation on this problem in the Gold Coast (Muirhead-Thomson, 1954) the 
author concluded that with P. falciparum the blood picture of the human subject 
could not be used as a reliable index of the infectivity of that subject to mosqui- 
toes. At one extreme some human subjects were noninfective at a time when 
‘crescents’, or gametocytes of P. falciparum, were abundant in the blood, and at 
the other extreme a high proportion of positive individuals were infective to 
mosquitoes at a time when crescents were extremely difficult to find in the thick 
blood film. 

Since that time further information about the infective role of human subjects 
with low observed gametocyte densities has been provided by Jeffery and Eyles 
(1955). Additional limitations in the value of the gametocyte rate have also been 
provided by the observations of Colbourne (1956) on the blood of pregnant 
women in the Gold Coast; when examination was confined to the routine 100 
thick film fields, a falciparum gametocyte rate of 6.9 per cent was found, but 
when the number of fields examined was increased to 1,000, the gametocyte rate 
was found to be 20 per cent. 

In view of all these variable factors, and of the difficulty of trying to judge the 
infective status of a malarious population on a basis of gametocyte rates and 
gametocyte densities, the author suggested (1954) that in trying to determine 
the proportion of malaria infectors in an African or native village community, a 
more accurate picture might be obtained if we forgot about blood films for a time 


and tested the malarial infectivity of the human subjects in a direct manner, by 


feeding batches of Anopheles mosquitoes at random on as large a scale as possible, 
and subsequently examining the engorged mosquitoes for stomach and gland 
infections at appropriate intervals. 

The present paper describes how this idea has been put into practice at the 
Liberian Institute. 


1 This investigation was supported by a research grant (RG-4533) from the National 
Institutes of Health, Public Health Service. 
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MATERIALS AND METHODS 


Several studies have been carried out on malaria in Liberia. The most 
recent (Miller, in press, 1958) indicates that in the study area, malaria in the 
African population shows features of both hyperendemic and holoendemic 
malaria. The malarial status of the population sampled in the present investiga- 
tion might therefore more suitably be described as “hyperendemic” in the old 
and wide sense of the word. Anopheles gambiae is abundant in this area, and 
transmission is possible in all months of the year (Gelfand, 1955; Fox, 1957). 
Conditions in the area can be taken as fairly representative of large areas of 
coastal West Africa. 

The human subjects whose malarial infectivity to mosquitoes was to be tested 
by feeding batches of laboratory-bred A. gambiae on them, were provided from 
three different sources. 

(1) Random visits to villages in the area. The author, provided with 6-8 
feeding tubes of hungry A. gambiae, made personal visits to villages in the area 
and persuaded volunteers of all ages to come forward and allow mosquitoes to be 
fed on them. Restriction of test feeding to this type of random selection would 
have been the ideal method, but considerable obstruction and prejudice had to 
be overcome, and progress was slow. This source provided 77 human subjects 
out of a total of 347. 

(2) African villagers visiting the Institute clinic for the first time. The bulk of 
the outpatients attending the clinic came from the surrounding villages. Only 
those attending for the first time were used in this survey, and they were selected 
at random quite irrespective of the nature of their ailments, and before they 
were given any drug treatment. This source provided the bulk of the subjects, 
216 out of a total of 347. 

(3) School children. Children attending a local school were selected at random 
and brought to the Institute in groups of six to eight. This source provided 54 of 
the total 347 subjects, and also provided over 50 per cent of the total children in 
the age group 5-14 years.” 

Although routine blood films were taken from many of the subjects, both in 
clinic and school, their examination played no part in this malarial infectivity 
survey, as it was considered essential that the random, objective method of 
approach should not be influenced in any way by the blood film findings. 

The mosquitoes used in practically all these test feeds were provided by the 
flourishing colony of A. gambiae originally established at the Institute by Dr. 
H. M. Gelfand and maintained during the course of this work by Dr. R. M. Fox. 

Batches of 40-50 hungry gambiae were fed on each subject, and the engorged 
mosquitoes were maintained in one-foot cube cages in the laboratory. At various 
intervals from 4 days onwards batches of the engorged mosquitoes were examined 
for stomach infections, and the identity and density of the oécysts infection was 


2 There is no evidence that the random selection is at all influenced by whether volunteers 
came from village, clinic, or school. Table 1 indicates that as far as children at least are 
concerned there is no obvious bias in selecting the bulk of the volunteers from any one of the 
three sources. 
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noted. On occasions mosquitoes were kept long enough before dissection for 
sporozoites to reach the salivary glands. In general, however, emphasis was on 
the malaria oécysts as it is difficult to judge from sporozoite examination alone 
either the identity of the malaria parasite or the intensity of infection. 

The survey was mainly concerned with the infective status of the local African 
population with regard to P. falciparum. However, P. malariae and P. ovale are 
known to occur in this area, and in random tests of this kind all three species 
might be liable to crop up, and not necessarily in pure culture. P. falciparum and 
P. malariae are the two species whose oécysts are most likely to be confused; the 
methods used for distinguishing these two in cases where mixed infections are 
liable to occur have been described in a separate report (Muirhead-Thomson, 
1957). 

The infective status of each human subject at the time the test feed was 
carried out was judged by the proportion of engorged mosquitoes which developed 
infections in the stomach or in the glands, and the number of odcysts per positive 
stomach. 

In studies of this kind involving the comparison of different age groups it must 
be remembered that the African villagers in an area like this have only the 
vaguest idea about either their own age or that of their families. Even mothers 
with young children may have quite unreliable ideas about the ages of their 
children after a year. The total number of subjects tested in this survey was not 
sufficiently large to justify subdivision into more than three main groups, as 
follows: 

Infants and toddlers 0-4 years. 
Children 5-14 years. 
Adolescents and adults 15 years and over. 


The only clue to age of subjects was provided by estimates given by members 


TABLE 1 


Malarial infectivity of human subjects (in the 5-14 year group) according to source selected 


School Clinic 


Number Number Number Number Number Number 
tested positive tested positive tested positive 


c 


48 5 37 5 
© positive 10.4% 13.+ 


4% 


TABLE 2 
Malarial infectivity to mosquitoes of different age groups of village population as judged 
by random test feeds 


Number of subjects 


Age group tested 


Number positive Per cent positive 


Under 5 years 28 s 28% 
5-14 years 100 12 12% 
15 years & older 219 2 5.5% 
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of the Liberian technical staff of the Institute. Considerable latitude must be 
allowed therefore in interpreting the accuracy of these age groupings. From the 
point of view of the present study, however, based as it is on a comparison of 
groups, it seems likely that this variable may not have a serious influence on the 


TABLE 3 
Malarial infectivity of human population to Anopheles gambiae. Summary of positive 
findings in random survey 


Proportion of Mean ite’ . : 
Sioenion ber of od- | Range in 
Name, sex & age of subject batch with cysts per 
stomach positive | 
infection stomach 


Proportion of 

number of mosquitoes Identity of 

odcysts uae with gland | odcysts 
stomach infections 


A. Age group 0-4 years 

Martha 3.6 
Junior Harman M. 2. 2 > 2. 
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Dolly 
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validity of the results obtained as any overlap at the limits of each group prob- 
ably works in both directions. 

The survey was carried out continuously between December, 1955, and 
November, 1956, covering all seasons of the year. 


RESULTS 

The results are shown in Tables 2 and 3. Table 2 shows the relative proportion 
of individuals in each age group found infective in random feeds. Out of a total 
number of 347 individuals tested once only at random, 32 were found infective 
to mosquitoes. In the under-5-years group 28 per cent were infective; in the 5-15 
year group 12 per cent were infective, while in the over-15-year group—adoles- 
cents and adults—5.5 per cent were infective. 

Table 3 indicates in more detail the range in intensity of infection found among 
these 32 positive infectors. If we try to divide the total number of infective indi- 
viduals into three age categories, the final number in each age group becomes 
too small to permit further subdivision according to intensity of infection. The 
results therefore are tabulated for each individual. It is felt that this more detailed 
presentation will make it easier to appreciate the significance of these findings, 
which are discussed below. 

DISCUSSION 

In the children’s group, 5-14 years, and in the adult and adolescent group, 15 
years and over, the samples are sufficiently large to enable valid conclusions to 
be drawn. Any estimate of the infective status of these two groups must take into 
account not only the percentage found infective in random feeds but also the 
proportion which each age group forms of the total human population. As adults 
form approximately 60 per cent of the population and children in the 5-14 group 
roughly 25 per cent (Kuczynski, 1948), the relative numbers of infective individ- 
60 X 5.5 


uals in the two groups will be or 3.3 per cent for adolescents and adults, 


and 2 or 3.0 per cent for the 5-14 year group. That is to say that for each 
100 individuals in the African population of average composition there are at any 
one time 3.0 infective children of the 5-14 year group and 3.3 infective adoles- 
cents and adults. 

The sample in the under 5 year group is unfortunately rather small compared 
with the other two. This group forms approximately 15 per cent of the popula- 
tion, and the available data indicate that its infective status would be — 
or 4.2 per cent, that is to say 4.2 infective infants and toddlers for each 100 of 
the typical African population. 

The general trend of these figures indicates rather strikingly how the progres- 
sive decrease in the proportion of infective individuals with increasing age is 
counteracted by the fact that the older age group covers a much wider range of 
years and therefore forms the bulk of the population. The findings so far may be 


summed up by saying that in the average representative village population each 
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of the three age groups concerned contributes an approximately equal number of 
infective individuals—between 3 and 4 per 100 of the population—at any one 
time. 

Before considering further the implications of these findings the question of 
range of intensity of infection will have to be discussed (Table 3). Of the 32 
positive infectors detected in this random survey the great majority, irrespective 
of age group, appear to have a fairly low infectivity, not only with regard to the 
small proportion of mosquitoes which became infected, but also with regard to the 
low number of oécysts per positive stomach. Each of the three age groups pro- 
vided several infectors of such low infectivity that they could only infect 10 per 
cent or less of the mosquitoes which fed on them and only produce 1-2 odcysts 
per positive stomach. The lowest grade falciparum infectors in each age group 
were as follows: 

Sean F. 3 yrs. 2 out of 31 stomachs, i.e., 6% of mosquitoes. 
Saturday F. S8vyrs. 1 out of 16 stomachs, i.e., 6% of mosquitoes. 


Francis M. 50 yrs. 1 out of 31 stomachs, i.e., 3% of mosquitoes. 


The number of low grade infectors encountered serves to emphasize previous 
conclusions that the size of the mosquito batch is an important factor in deter- 
mining the accuracy of this type of survey. The use of larger batches of mos- 
quitoes, 50 or 100, would almost certainly have revealed positive infectors of an 
even lower grade than above, but this was not practicable without undue de- 
mands on time and on the available supply of A. gambiae from the mosquito 
colony. 

While the infectivity of the low grade infectors is fairly consistent in that a low 
figure for the proportion of mosquitoes infected is almost invariably accom 
panied by a low figure for the mean number of oécysts per positive stomach, the 
same consistency is not so evident in the higher grade infectors. For example, in 
the 5-14 group one subject, Alfred Kennedy, infected nearly 50 per cent of the 
batch of A. gambiae fed on him, but the mean number of odcysts per positive 
stomach was only 2.0, and no stomach yielded more than 3 oécysts. Similarly, 
three subjects in the same group (Zeeweemah, Sadi and Gipsy Harris) infected 
roughly 25 per cent of the mosquitoes feeding on them, but the mean number of 
odcysts per positive stomach remained very low, 1.7, 1.0 and 1.1 respectively. 

When the proportion of mosquitoes infected rises above 50 per cent however 
(as in the three subjects James Shaw, P. Dawson and Martha) there is a corre- 
sponding increase in the intensity of infection as judged by the mean number of 
odcysts per positive stomach, and by the maximum number of oécysts produced 
in any one positive stomach (in this case 28, 33, and 22 respectively). Although 
it seems reasonable to assume that a heavily infected stomach will eventually 


produce a heavier sporozoite infection in the salivary glands and one which will 


also persist longer than the corresponding infection resulting from a single 
odcyst, it seems quite likely that the part played by these occasional heavy 
infectors is not as important as we might think. Provided the mosquitoes live 


long enough after the infective meal, gland infections will almost certainly 
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develop no matter whether the stomach originally showed one odcyst or a large 
number. 

In comparing the infective role of different human subjects the most important 
consideration may well be the proportion of mosquitoes infected after feeding on 
the subject rather than the intensity of any one infection produced in the mos- 
quito. 

In a previous study on this problem (Muirhead-Thomson, 1954) evidence was 
advanced to suggest that in nature the majority of anopheles acquire their 
infection from human subjects showing a low degree of infectivity. The frequency 
distribution of oécysts in positive of wild-caught A. gambiae and A. funestus in 
the Gold Coast showed that 78 per cent had 1-5 odcysts per positive stomach, 
only 11 per cent showed 11 or more oécysts and less than 2 per cent had 20 06- 
cysts or more. 

In the present human infectivity survey subjects with an unusually high 
infectivity, liable to produce 10 or more oécysts per positive stomach, formed 
only about 10 per cent (3 out of 32) of total infectors. It seems likely that as a 
source of malarial infection in West African coastal villages of this kind these 
conspicuous high infectors play a less important part as a reservoir of malaria 
infection than the far more numerous human subjects who can only produce 
very light odécyst infections (1 to 3 per positive stomach) but who still manage 
to infect 25-40 per cent of the mosquitoes feeding on them. 

As there is no indication from these figures that infective subjects in any one 
age group are in general more infectious to mosquitoes than those in other age 
groups, the most important conclusion appears to be that the adolescent and 
adult group (15 years and over) forms a substantial proportion of the total 
reservoir of human infection under these conditions. The figures available from 
this random survey have indicated that for each 100 persons in the African village 
population the mean number of infective subjects at any one time is 4.2 infants 
and toddlers (under 5 years), 3.0 school children (5-14 years) and 3.2 adolescents 
and adults (15 years and over). On the basis of these figures it appears that 
adolescents and adults provide about 30 per cent of the available source of 
malarial infection for anopheline mosquitoes feeding on the village community 
Furthermore, in this particular age group, infective subjects have been recorded 
over a wide range of age up to middle age, and are by no means restricted to the 
youngest adults. This infective figure of 30 per cent may well represent a mini- 
mum contribution in view of the finding that in several species of anopheles, 
including A. gambiae, there is a tendency for the mosquitoes to feed on older 
children and adults to a greater extent than on the very young children (Muir- 
head-Thomson, 1951; Thomas, 1951). 

The survey unfortunately does not throw much light on the infective role of 
the infant group (under one year) in the community, mainly because of the small 
number (twelve) tested in this random survey. There are numerous records in 
the literature of infant crescent-carriers who have proved very infective to mos- 
quitoes, but there is some indication that the group as a whole is not as infective 
to mosquitoes as might be thought from the high gametocyte rates and densities 
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recorded. In an investigation on the infectivity to mosquitoes of crescent carriers 
in the Gold Coast (Muirhead-Thomson, 1954) only 2 out of 13 in this group 
proved infective. In the present random survey, in which feeds were carried out 
irrespective of the presence or absence of gametocytes in the blood, none of the 
12 infants were infective, the 8 infectors in the 0-4 year group all being older than 
| year. The infant group clearly requires further investigation, and it is felt that 
the random methods used in this study could be extended with advantage to this 
group in order to provide a more valid comparison between infants and the older 
age groups which are dealt with in more detail in this report. 

In order to assess further the part played by different human infectors in the 
transmission of malaria, consideration would also have to be given to the seasonal 
variations in numbers and longevity of the vector mosquito, A. gambiae in this 


case. A human subject who proved to be highly infective at a season of the year 


when mosquitoes were scarce or short-lived would obviously play a less important 
part as a reservoir of malarial infection than if he showed the same degree of 
infectivity at a time of anopheline abundance. Curiously enough the three most 
infectious subjects revealed in this random survey were picked up at a time of 
the year (January) when there was a low vector abundance. A survey of this 
kind would have to be carried out on a much more extensive scale before any 
valid conclusions of this kind could be made, but it would certainly be most 
instructive to follow up this observation and find out if there is any tendency 
for the individual, or for the village population as a whole, to be more infective 
to mosquitoes at one season of the year than another. 

The problem of how much each human age group in a malarious community 
contributes to the reservoir of infection is one that is likely to become increasingly 
important. The contributions made by each age group are likely to vary with 
differing degrees of malarial endemicity and may also be expected to undergo 
alterations in areas where malaria transmission is being reduced either by the 
use of insecticides or by routine drug treatment of the indigenous population. In 
those places where the continued use of insecticides over a period of years has 
been attended by a progressive decline in malaria transmission up to a certain 
point but no further, the question of bridging the gap between malaria control 
and malaria eradication may well depend on a more accurate appraisal of the 
remaining source of infection in the human population, the source of infection 
which alone enables transmission of malaria to be maintained. The contribution 
made by each infective human being to the malarial infectivity of the population 
as a whole is influenced by many factors such as human activity, degree of ex- 
posure, behavior of vector mosquitoes, seasonal variations in vector abundance, 
etc.; but it is felt that the basic factor and one which should form a necessary 
first step in this investigation should be the potential malarial infectivity to 
mosquitoes of different human age groups, as judged by direct feeding tests 
carried out in as random a manner as possible. 


SUMMARY 


The malarial infectivity of an African village community with particular 
reference to Plasmodium falciparum has been tested by selecting subjects at 
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random, irrespective of their blood picture, and feeding batches of laboratory- 
bred Anopheles gambiae on them. The degree of infectiousness has been judged 
by the number and identity of odcysts found in the stomach of the engorged 
mosquitoes after varying periods of incubation. 


Random tests on 347 subjects of all ages indicate that for every 100 individuals 


in the African village population of average age composition there are at any one 


time about 10 or 11 individuals capable of infecting mosquitoes with malaria 
parasites, mainly P. falciparum. All age groups contribute to this infective 
reservoir, the actual numbers observed being 4.2 infants and toddlers (under 5 
years), 3.0 school children (5 to 14 years) and 3.3 adolescents and adults (15 
years and over). Most of the infections picked up in this random survey had a 
low infectivity to mosquitoes. There is no indication that unusually high infec- 
tivity is necessarily associated with the lower age groups. It is considered that 
under these conditions of ‘‘hyperendemic”’ malaria, adolescents and adults form 
at least 30 per cent of the total reservoir of malaria infection in the human 
population. 
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NOTES ON THE CHARACTERS OF P. MALARIAE OOCYSTS 
OF POSSIBLE VALUE IN MIXED INFECTIONS! 


R. C. MUIRHEAD-THOMSON 


The Liberian Institute of the American Foundation for Tropical Medicine, Inc. 
Harbel, Liberia 


The development of Plasmodium malariae in Anopheles maculipennis atro- 
parvus, and the distinctive features of the odcysts at different stages of develop- 
ment have been described in detail by Shute and Maryon (1952, 1955). There is 
still very little information however about the development of P. malariae in 
Anopheles gambiae or about the value of the distinctive features of P. malariae 
odcysts in mixed or potentially mixed infections. 

Some information about these points has been accumulated in the course of 
work on the epidemiology of quartan malaria carried out at the Liberian Institute 
by Dr. M. J. Miller, Dr. R. S. Bray and the writer, particularly in that part of 
the project aimed at finding out the conditions under which human subjects 
showing gametocytes of P. malariae are able to infect mosquitoes, A. gambiae 
in particular. 

Although the figures on which the following notes are based are limited and 
incomplete, they may be of value in view of the difficulties which most workers 
have encountered in trying to infect tropical anophelines with this particular 
malaria parasite. This work has only been made possible by the collaboration of 
my colleague, Dr. R. S. Bray, to whom I am greatly indebted for selecting likely 
human infectors. 


MATERIALS AND METHODS 


Batches of laboratory-bred A. gambiae were fed on likely human subjects and 
maintained in the laboratory at a mean temperature of 27-28° C. (Range 24° C.- 
31° C.) and a high humidity. Those mosquitoes that had engorged were dissected 
after various intervals for stomach infection. By examining as many P. malariae 
odcysts as possible at different stages of development in the stomach of A. gambiae 
it was hoped to confirm the diagnostic features described by Shute and Maryon 
(1952) and then to see how reliable these features were in the presence of oécysts 
of other malaria parasites, P. falciparum in particular. 

One of the first difficulties was that even with batches of mosquitoes infected 
experimentally by feeding on P. malariae cases, one could not always rule out 
the possibility that other malaria parasites had been picked up as well, or had 
even replaced P. malariae completely. All human P. malariae cases were liable 
to be infected with P. falciparum as well, and there was also quite a high incidence 
of P. ovale among the lower age groups (Bray, personal communication). The 
ability, on some occasions, of P. falciparum to be infective to mosquitoes at a 
time when gametocytes are extremely difficult to find in the thick blood film, 


1 This investigation was supported in part by a research grant (RG-4533) from the Na 
tional Institutes of Heaith, Public Health Service. 
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made it difficult in most cases to rule out completely the possibility of P. malariae 
infections being contaminated with faciparum. 

It might be thought that the intrusion of an occasional P. falciparum oécyst 
would not be serious enough to vitiate the results, but it must be remembered 
that heavy stomach infections with P. malariae are unusual, and some of the 
most promising infectors among the cases at the Liberian Institute managed to 
infect A. gambiae to the extent of only one or two oécysts per positive stomach. 
However, when batches of mosquitoes were examined at intervals of two or 
three days from the fourth day of incubation onwards, any contaminating 
falciparum present or suspected became conspicuous because of their more rapid 
development, compared with P. malariae, and because of the rapid disappear- 
ance of clearly defined pigment granules from the 7th day day onwards. 

The following notes on P. malariae oécysts therefore, are based on those 
experimental infections in which the possibility of P. falciparum contamination 
has been ruled out as far as possible by this method of repeated examination at 
intervals. 


RATE OF DEVELOPMENT AND SIZE OF OOCYSTS 


P. malariae has long been recognized as a malaria parasite which develops 
much more slowly in the mosquito stomach than does P. falciparum, a fact which 
is admirably illustrated in Shute and Maryon’s report (1952). Even at a constant 
temperature of 25° C. those authors found that it took at least 11 days for 
odcysts to become half grown, and that distinctive pigment was still visible in 


the developing odcysts up to and occasionally beyond the 16th day. 
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Cuart 1. Rate of development of odcysts of P. malariae and P. falciparum in Anopheles 
gambiae at the Liberian Institute (Mean temperature 27-28° C.; Range 24-31° C.) compared 
with development of P. malariae at 25° C., C.T. (adapted from Shute & Maryon, 1952). 
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TABLE 1 


Rate of growth of P. malariae and P. falciparum oécysts in Anopheles gambiae at mean 
temperature of 27-28° C 


P. Malariae P. Falciparum 


Number of o6- Mean diameter : »5- | MW c ete 
. Range in size Number of « Mean diameter Range in size 


cysts examined microns cysts examined microns 


3 3.0 13-13 15.0 9-19 

14.4 13-15 
13-24 { 22.0 13-27 
15-19 : 28.4 16-45 
16-32 é 34.3 16-59 
27-34 47.0 28-56 
27-35 


mo 


Y 


m bo Oo 


32-65 


As might be expected, the development of P. malariae takes place more rapidly 
under the rather more suitable tropical conditions of temperature and high 
humidity existing at the Liberian Institute (a mean temperature of 27—28° C. 
and a range of 24-31° C. for many months of the year) and in a mosquito which 
is a more natural tropical vector. This difference is illustrated graphically in 
Chart 1. 

P. malariae under these evidently very suitable conditions develops more 
rapidly than usually described, but it still lags well behind P. falciparum under 
the same conditions, particularly up to the 9th and 10th day of incubation. Al- 
though the mean rate of development as judged by increase in size shows a 
distinct difference, there is a considerable variation in the size of the odcysts of 
the two species, and considerable overlap (Table 1). Because of this overlap the 
size difference could be of value only in heavy infections of known age. In the 
case of the much more frequently encountered light infections, where only one 
or two oécysts may be available for examination in each stomach, the size differ- 
ence is too variable to be of much value, even when the age of the infection is 
known exactly. 


PIGMENT CHARACTERISTICS 


The question of pigment pattern and coarseness as a diagnostic feature of the 
different species of human malaria parasite has been fully investigated by Shute 





PLATE 1. Development of P. malariae in Anopheles gambiae showing pigment pattern 
and range in size of oécysts from 6th to 11th day of incubation, compared with examples of 
atypical P. falciparum oécysts. 

Figures 1-15. P. malariae. Ficgures 1-7 6 days. 
8-9 7 days. 
10-12 ‘8 days. 
13-14 9 days. 
15 days. 
Figures 16-21. P. falciparum. Ficures 16 5 days. 
17-18 days. 
19-21 days. 





P. malariae 


6 days 





P. falciparum 
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and Maryon (1952). In a more recent report (1955) those authors conclude that 
provided the oécyst of P. malariae is more than half grown, i.e., 11 days old or 
more, the pigment granules always form a small cluster, and are usually situated 
at the periphery of the oécyst. From Chart 1 it will be seen that the 11-day-old 
P. malariae oécyst of those authors, developing at 25° C. constant temperature, 
corresponds to one of 7-8 days old in the accelerated development cycle experi- 
enced at the Liberian Institute. 

The pigment patterns observed in some of the P. malariae oécysts examined at 
the Institute are shown in Plate 1. In the period up to the 6th and possibly the 
7th day, the arrangement and distribution of the pigment granules show a con- 
siderable range of variation, but from about the 7th and 8th day onwards (corre- 
sponding to the 1lth-day stage of Shute and Maryon) the pigment tends to 
become more concentrated either into one small cluster or into two. The only 
feature which appears to differ at all from the reports and figures of Shute and 
Maryon is that from this stage of development onwards the pigment granules 
do not always concentrate into one cluster but quite frequently form two quite 
separate clusters. This arrangement, which is often bipolar, may persist up to 
the 10th or 11th day, and possibly as long as the pigment remains distinct. 


DISCUSSION 

The value of these diagnostic features of the P. malariae oécyst is impaired, in 
this part of West Africa at least, by the fact that the odcysts of P. falciparum 
show rather more variation in size and in pigmentation than previously observed 
in A. gambiae in West Africa. While the great majority of P. falciparum oécysts 
observed at the Institute have typical and distinct pigment closely conforming 
to the range of pattern figured by Shute and Maryon, a surprising number of 
quite atypical forms have been observed, forms whose pigment pattern overlaps 
that of P. malariae (Plate 1). 

The liability to confuse these unusual forms with those of P. malariae, even in 
experimental infections where the exact duration of the infection is known, is 
further enhanced by the wide range in size (or rate of development) of P. falci- 
parum odcysts, especially in heavy infections, and the occurrence of the odd 
retarded oécyst whose rate of growth is similar to that of the average P. malariae. 

From the experimental infections studied, where the exact date of infection is 
known, it appears that the distinction between the odcysts of P. malariae and 
those of P. falciparum can best be confirmed on a development-time basis. It is 
rare for odcysts of P. falciparum—even slowly developing ones—to retain the 
characteristic pigment-grouping beyond the 7th day, whereas the oédcysts of 
P. malariae retain their distinctive pigment clusters up to the 10th and 11th day 
at least. 

When we come to the question of stomach infections in wild-caught mosquitoes 
we are on much more difficult ground. In addition to the possibility of mixed 
infections there are additional factors in that the age of the infection is not 
known, and that double infections may have been acquired at different times. 
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Under those conditions it is possible in most cases to identify accurately those 
stages of P. falciparum (4th to 7th day) showing the typical pigmentation of that 
species, but it would be extremely difficult to say whether one was looking at a 
typical P. malariae odcyst of 8-10 days or at a younger atypical falciparum, 
especially in scanty infections where no more than one or two oécysts were avail- 
able for examination. 

One method of separating out malariae and falciparum infections in engorged 
wild-caught anopheles would be to delay dissection until 8 or 9 days after capture. 
By that time any falciparum infections would have reached a stage of maturity, 
either in the form of mature oécysts or as sporozoite infections; but any malariae 
infections acquired in the day or two previous to capture would still be in the 
8th or 10th day of development and would still show the distinctive malariae 
pigment. This would only apply to those malariae infections acquired in the 1-2 
days prior to capture; infections acquired before that time wonld probably have 
reached at least the stage of mature oécysts by the time the mosquitoes were 
dissected. While some malariae infections might be overlooked in this way, the 
same objection applies equally well to the more normal method of dissecting 
mosquitoes shortly after capture, at a time when recently acquired malariae 
could be present without being detected. 

Assuming that the wild-caught anopheles had fed mainly if not entirely on 
man and had not been exposed to infection with malaria parasites of non-human 
origin, this method appears to be the only one capable at the moment of throwing 
any light on the transmission of P. malariae in nature. 


SUMMARY 


The development and diagnostic features of Plasmodium malariae oécysts in 
Anopheles gambiae have been studied at the Liberian Institute. Under these con- 
ditions the development of P. malariae is much more rapid than usually recorded, 
the cysts being half-grown by the 7th-8th day as compared with a more usual 
figure of 11 days or more. Development is still, however, distinctly slower than 
that of P. falciparum under the same conditions. Wide variations in the size of 
the odcysts of both species make the size difference of doubtful diagnostic value 
in individual cases. 

The characteristic clumping of the pigment in the odcysts of P. malariae from 
the 7th day onwards (corresponding to the 11th day of Shute and Maryon, 1955) 
is confirmed, but forms with two clusters or a bipolar arrangement are frequently 
seen in addition to the more usual single cluster form. The diagnostic value of 
this pigment pattern is rather limited by the occurrence of atypical falciparum 
odcysts with malariae-like pigment. 


When mixed infections are liable to occur—a distinct possibility even in experi- 
mental infections in West Africa—it is usually necessary to confirm the identity 
of P. malariae oécysts on a developmental basis which makes use of the fact that 
the characteristic pigment pattern of P. falciparum seldom persists after the 
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7th day, while that of P. malariae is still conspicuous up to the 10th and 11th 
day at least. 
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PROPOQUIN IN TREATMENT OF MALARIA 
MARK T. HOEKENGA 


Chiriqui Land Company Puerto Armuelles, Republic of Panama 


Propoquin®, 4-(7-chloro-4-quinolylamino)-a-1-pyrrolidyl-o-cresol dihydrochlo- 
ride, is a yellow, crystalline, bitter compound, moderately soluble in water. 


PHARMACOLOGY AND TOXICITY 


P. E. Thompson (1952, to be published) found Propoquin, used by the drug 
diet method against P. lophurae infections in chicks, to be approximately 32 times 
as active as quinine in suppressing the parasitemia. 

Preliminary toxicity studies by J. K. Weston (1955, to be published) were 
done on albino mice, rats, rhesus monkeys and dogs. The LD of a single, acute 
oral dose per Kg. in mice was 700 mg. + 28 mg.; in rats, 495 mg. + 33.7 mg. 
The LDs of a single, acute intravenous dose per Kg. in mice was 42 mg. + 
5 mg.; in rats, 41.3 mg. + 1.9 mg. Chronic oral dosage in the diet was tolerated 
at a daily level of 429 mg./Kg. by mice and at a daily level of 204 mg./Kg. 
by rats during a 12 week period. 

In dogs, oral dosage of 80 mg./Kg. daily during a three month period was 
well tolerated, but twice that dose produced convulsions and deaths. Dogs showed 
little evidence of irritation on intramuscular administration of drug concentra- 
tions of 2.5 per cent. 

Monkeys tolerated a daily intravenous dosage of 5 and 10 mg./Kg. as a 3 per 
cent solution during a two-week period and showed only symptoms of slight in- 
coordination at the lower dosage and depression at the higher dosage. A single 
intravenous dose of 20 mg./Kg. caused marked depression, and a dose of 30 mg./ 
Kg. caused depression, tonic spasm, and death. 

Following prolonged high oral dosage to both rats and dogs, the chief histo- 
pathological finding of interest was a high degree of liver vacuolation and the 
appearance of macrophages loaded with nonstaining or lightly acidophilic stain- 
ing material in lung, liver and lymphoid tissue. In neither species was evidence 
observed of any toxic reaction of the cells. These findings are reminiscent of those 
observed with biallylamincol (Reutner et al., 1957). 

In tissue distribution studies A. J. Glazko (1955, to be published) observed in 
rats, following oral dosage, that the drug is readily absorbed from the gut, 
reaches high levels in the liver, spleen, kidney and lung, and is slowly 
degraded or excreted. 

Results in human malaria trials have not yet been published. However, Payne 
(1956, personal communication) reports good response with the intramuscular 
use of 10 cc. (0.3 Gm. of the dihydrochloride salt) in 26 patients. He believed 
that a smaller amount would suffice for adequate treatment. 

In the present study, we gave this antimalarial orally to 65 patients and 
intramuscularly to 120. 
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MATERIAL AND METHODS 


All 185 patients included in this study were Panamanians, representing var- 
ious mixtures of Spanish, Indian and Negro ancestry. Ages ranged from 1 to 
89 years. Sixty-one per cent of the patients were males and thirty-nine per 
cent were females. All had acquired their malaria in the hot, humid, banana- 
growing lowlands of western Panama and were hospitalized at the Chiriqui 
Land Company (United Fruit Company) hospital located at Puerto Armuelles 
not far from the Costa Rican border. 

Anopheles albimanus is the principal vector in this area. Although there is 
some seasonal variation, malaria is endemic all year. Old residents of the area 
could be considered to have acquired a partial immunity, but there is a constant 
influx of new personnel from other sections of Panama who are probably not 
immune. 

The standard single intramuscular dose given to all adults and ang! children 
was 5.0 cc. of the 3 per cent solution, or 150 mg. A smaller amount, 2 to 4 cc. 
was administered to smaller children, depending upon age and size. The single 
oral dose given to adults and older children was 4 capsules, or 600 mg. A smaller 
amount, 1 to 3 capsules, was given to children, depending upon age and size. 

Laboratory checks included examinations of blood and urine, and the per- 
formance of liver function tests. Oral temperature was recorded for all patients 
every four hours, thick blood films were examined every six hours. The amounts 
of drug and time of administration were not related to parasite density, to the 
stage of parasite cycle observed in the blood film, or to the degree of fever. 

RESULTS 

Immediate results. With both the oral and the intramuscular route, there was 
usually rapid clinical improvement and a single dose was sufficient in all pa- 
tients to permit discharge from the hospital, usually within one to two days 
following treatment. The time required for disappearance of fever and par- 
asitemia is detailed in Table 1. There were no immediate failures among the 
185 patients. It should be noted that gametocytes persisted in occasional cases; 
this is not included in the tabulation presented in Table 1. 


TABLE 1 


Propoquin in treatment of malaria 


P. falciparum infection P. vivax infection 


, . a : Av. No. of br. until | Av. No. of “4 until 

Mode of administration | ents Number pics r Ace 
of | Temp. | Parasites of | Temp. | Parasites 

| patients | remained | dis- | Patients | remained dis- 

| normal | eens | normal normal | eggenred 


Intramuscular (150 mg. 
adult amount) 120 ‘ 27. 32. : a 
Oral (600 mg. adult amount) 65 ‘ K ei 


3: 
3: 
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Late results. Among the falciparum group treated orally, clinical and para- 
sitological relapse occurred in two patients after an interval of approximately 
three weeks. Among the vivax group treated orally, there were no recognized 
relapses. 

Three of the patients treated intramuscularly relapsed. Two of these, both 
with falciparum infections, relapsed eight days after the original treatments. 
The third patient who relapsed, an 11 year old boy, had a mixed vivax and 
falciparum infection with a quick clinical response to Propoquin. One month 
later he was again found to have a mixed infection. At the same time, two mem- 
bers of this patient’s family developed acute falciparum infections, so in this 
case reinfection rather than relapse is a strong possibility. 

Toxicity. Frequent clinical observations and laboratory checks did not reveal 
any evidence of toxicity whatsoever. It is particularly noteworthy that in none 
of the 120 intramuscularly treated individuals was there any local reaction. 
No adverse effects were noted on patients with severe malnutrition and debility, 
marked diarrhea, pregnancy, or anemia. 


SUMMARY 


A group of 185 Panamanians were treated for acute malaria with 4-(7-chloro-4- 
quinolylamino)-a-l-pyrrolidyl-o-cresol dihydrochloride (Propoquin®). A single 
intramuscular injection was given to 120 patients, the adult dose being 150 
mg. A single oral dose was given to 65 patients, the adult dose being 600 mg. 
Both the immediate and late results were quite good, comparing favorably 
with those produced by the other 4-aminoquinolines in common use. Toxic 
side effects were singularly absent. 
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TOXOPLASMA INFECTIONS IN ANIMALS ASSOCIATED WITH 
CASE OF HUMAN CONGENITAL TOXOPLASMOSIS 


COLVIN L. GIBSON anp DON E. EYLES 


National Institutes of Health, National Institute of Allergy and Infectious Diseases, 
Laboratory of Tropical Diseases' 


Several hundred clinical cases of human toxoplasmosis have now been recorded 
in the literature and serological studies indicate that sub-clinical infections 
are frequent. However, no convincing evidence has yet been presented to indi- 
sate how the etiologic agent, Toxoplasma gondii, gains access to its host. Most 
of the cases thus far recorded have occurred in newborn infants and undoubtedly 
have been congenital in origin, since many of the infected infants showed signs 
of the disease at birth and the mothers invariably have given strong responses 
when tested for antibodies, although they usually failed to show clinical evi- 
dence of infection. The source from which the infection was transmitted to 
these mothers has not yet been elucidated, nor is it known where and how the 
noncongenital infections, either clinical or subclinical, have been acquired. 
The present study represents one approach to the problem of transmission by a 
critical evaluation of all animal contacts associated with a known human in- 
fection. 


PRESENT INVESTIGATIONS 


The epidemiological studies reported herein were carried out in connection 
with a case of congenital human toxoplasmosis diagnosed in Memphis, Tennessee. 
The patient was a full-term female Negro infant born on December 25, 1955. 
Clinical features of the case were typical and included marked hydrocephaly, 
generalized jaundice, cerebral calcifications, granulomatous uveitis, and con- 
vulsive movements suggestive of damage to the central nervous system. The 
suspected clinical diagnosis of congenital toxoplasmosis was verified by the 
presence of a very high antibody titer (1/16,000 with the Sabin-Feldman dye 
test) and proved by the recovery of Toxoplasma in laboratory mice inoculated 
with blood and ventricular fluid taken from the patient on the tenth and twelfth 
days of life, respectively. Despite treatment with pyrimethamine and sulfa- 
diazine for several days the patient expired on January 14, 1956, at 20 days of 
age. Toxoplasma were recovered from mice inoculated with brain and heart 
muscle taken at autopsy. Additional details of the clinical features, treatment 
and ocular pathology of this case have been published elsewhere (Deutsch and 
Horsley, 1957). 

Intensive epidemiological investigations were begun when this case was first 
diagnosed and have been continued for several months in an effort to locate the 
source through which the mother became infected. To determine the status of 
the family with regard to possible infection with Toxoplasma, all members were 


! Located at the University of Tennessee, School of Medicine, 874 Union Avenue, Mem- 
phis, Tennessee. 
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tested for antitoxoplasmic antibodies by means of the Sabin-Feldman dye test 
(Sabin and Feldman, 1948). Both infant and mother had antibody titers of 
1/16,000, while two siblings (ages 14% and 3 years) had titers of 1/4,000. The 
father was negative. In addition, all members of the family except the father 
had positive complement-fixation tests for toxoplasmosis at a titer of 45 or higher. 
Since the complement-fixation test often remains positive for only a relatively 
short time after infection (Sabin, 1949; Eichenwald, 1956), these serological 
findings suggested that the entire family, except possibly the father, had been 
exposed to a common source of infection at a fairly recent date. The mother 
could recall no symptoms of unexplained illness that she or the children had had 
during the period of her pregnancy; apparently only the unborn infant suffered 
recognizable damage from the infection. This is in complete accord with the 
generally accepted concept that toxoplasmosis is a common infection but a rare 
disease (Sabin, 1953). 

Careful questioning of the mother revealed that she and the children had 
visited her parents’ home in Batesville, Mississippi, for one night during the 
sixth month of her pregnancy. Other than that, the family had not been away 
from Memphis for approximately a year. The father had worked on various 
construction projects within the city, but the other members of the family had 
only infrequently been elsewhere than at the family home in a slum area near 
the center of Memphis. On the assumption that the mother and children all 
had become infected while the mother was pregnant, as suggested by the serologi- 
cal evidence, the locality around the family home seemed the most likely area 
to search for the source of infection. 

In view of numerous published reports of toxoplasmosis in animals, both wild 
and domestic, and the reported association of sick animals with human infection 
in some cases, we investigated the occurrence of the disease in animals of the 
area where the present case occurred. The patient’s family kept no pets, but cats 
were very common in the neighborhood and the father reported that at least 
two cats had died during the mother’s pregnancy. Sick cats had been seen near 
the family’s home but to the father’s knowledge they had not been handled. 
A few chickens and domestic ducks ran loose in the neighborhood, and several 
pigeons roosted next door and were treated as pets by the neighbors. Mice and 
roaches were reported to be common on the premises. Dogs were seen only in- 
frequently. Rats were not reported, nor did we find any evidence of their presence. 


METHODS AND MATERIALS 


An uncovered garbage barrel, used by several neighboring families and lo- 
cated about 30 feet from the patient’s home, served as a feeding spot for the 
cats, pigeons, chickens, and domestic ducks which roamed the neighborhood, 
as well as for such wild birds as sparrows and cardinals. Intensive efforts were 
made to collect as many of these animals as possible together with rodents in 
and around the nearby dwellings. All collections were made within approximately 
300 feet of the patient’s home except that dogs were collected within a half- 
mile radius. Most of the animals were captured in live traps of various designs, 
but some house mice were taken in snap traps. 
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In the laboratory blood for serological testing was drawn by cardiac puncture 
Serum thus obtained was tested for antitoxoplasmic antibodies by the Sabin- 
Feldman dye test, using the technique originally described by those authors 
(Sabin and Feldman, 1948) and redescribed by Feldman (1954). This included 
inactivation of the serum at 50°C. for 30 minutes. 

The animals were sacrificed and partial autopsies were performed. Brain 
tissue from each animal was emulsified in three parts by volume of sterile phys- 
iological saline, to which had been added 10,000 units of crystalline penicillin G 
(sodium or potassium salt) and | mg. of dihydrostreptomycin sulfate per cc. 
of saline. The resulting emulsion was allowed to stand at room temperature for 
approximately one hour to permit the antibiotics to control bacterial contami- 
nants, after which laboratory mice from an uninfected colony were inoculated 
intraperitoneally with 0.5 or 1.0 cc. of the emulsion. The smaller inoculum was 
used for only 11 animals, at the start of our study. Although it revealed a high 
proportion of infections, it was replaced by the larger inoculum when experience 
indicated that mice would tolerate the greater amount of foreign protein and 
thus increase the possibility of recovering parasites occurring in small numbers 
in the brain tissues. 

Two mice, designated A; and A», were used for the original passage in each 
series, and two additional blind passages in mice were made according to the 
scheme shown in Fig. 1, which is a modification of the method used by Jacobs 
et al. (1952) to isolate Toxoplasma from wild pigeons. One week after the initial 
inoculation, one of the first passage mice (A;) was sacrificed and its entire brain, 
plus portions of liver and spleen, were emulsified in 3.0 cc. of sterile physiological 
saline plus penicillin and dihydrostreptomycin in the concentration previously 
indicated. The resulting emulsion was used to start the second or “B”’ passage. 
An inoculum of 0.5 ec. was used. One week later, one of the second passage mice 
(B,) was similarly sacrificed to start the third or “C”’ passage. The remaining 
“A”, and “B’’. mice were sacrificed four weeks after inoculation and their tissues 
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Fia. 1. Sequence of mouse passages used in attempts to recover Tozoplasma by animal 
inoculation. Horizontal dotted lines represent weekly intervals. 
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were emulsified and inoculated into the ‘“‘C”’ passage mice to reinforce any or- 


ganisms which might have been transferred in the earlier passages. It was hoped 
that this technique would allow us to detect either rapidly proliferating organisms 
or those which might develop more slowly. Third passage mice were sacrificed 
six weeks after being inoculated. Fresh, unstained films of peritoneal exudate 
were examined from all six mice of each series when they died or were sacrificed 
at the end of the designated periods. In addition, Giemsa-stained smears of 
peritoneal fluid, liver and brain were made from each mouse and subsequently 
examined for parasites. 

During the course of this study it became apparent that there was no need 
for the employment of sub-passages as detailed above in order to detect Tozo- 
plasma infections. Accordingly the last 25 of the 213 animals which we tested 
were handled by a much simpler, single-passage scheme in which some of the 
inoculated mice were examined within one or two weeks while others were held 
for eight weeks. This subject is treated more fully in a later section of this paper. 

Because other investigators have found that cortisone increases the suscepti- 
bility of mice to strains of Toxoplasma which are not highly virulent (Erichsen 
and Harboe, 1953), we gave each of our mice 5 mg. of cortisone acetate intra- 
muscularly at the time of inoculation. 

Many of the animals which we collected were also examined for ectoparasites. 
Immediately after they were killed, the animals were immersed in an aqueous 
detergent solution (Tergitol 1:500) and the fur or feathers were thoroughly 
washed for several minutes. The detergent solution was then strained through a 
small piece of old muslin sheeting which was examined for ectoparasites under a 
binocular dissecting microscope, using a magnification of 45 diameters. Ecto- 
parasites were washed in sterile saline, then emulsified in a small amount (2.0 
ec. or less) of the sterile saline-antibiotic solution described above. The resulting 
emulsion was inoculated into two white mice and two additional blind passages 
were made as previously indicated for the brain tissue series. 

RESULTS 

Table 1 summarizes our attempts to recover Toxoplasma from various animals 
by inoculation of brain tissues into uninfected laboratory white mice. The num- 
ber of animals tested is an approximate census of the vertebrate population 
in the immediate environs of the patient’s home, since we made intensive efforts 
to collect as many animals as possible. Toxoplasma organisms were recovered 
from cats (20 per cent infected); from dogs (11 per cent); from mice, Mus muscu- 
lus, (6 per cent); from domestic ducks (67 per cent); from chickens (43 per cent) ; 
and from pigeons (6 per cent). Only the wild birds (cardinal, English sparrow, 
white-crowned sparrow, and junco) seemed to be exempt from this parasite. 
The infection appeared to be particularly prevalent in domestic fowl (ducks and 
chickens), but the number of these which were examined is too small to permit 
valid conclusions on this point. Although we cannot be certain about the relative 
prevalence of toxoplasmic infection in the various hosts which we examined, it 
is unmistakably clear that the parasite was of frequent occurrence in all verte- 
brates of the area except the wild birds. 
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TABLE 1 
Summary of antibody status and attempts to recover Toxoplasma from various hosts by animal 
inoculations 


Results of animal | Results of animal 


—_—e inoculations Dye-test inoculations 
titer og ” titer 

Number Number Number Number 

tested infected tested infected 


1/1024 Domestic 1/4 

1/256 j duck Undiluted 
1/64 Not tested 
1/16 

Undiluted 

Negative 


(20%) | 
| Chicken Undiluted 
| Negative 


1/64 
1/16 
Negative j | 
1 (11%) || Pigeon 1/16 
| Negative 
Not tested 
Mouse 
From home} 1/1024 
of patient)| Negative 
Not tested f Other birdst Negative 
~- | Not tested 


(From near- | Negative 8 
by houses)| Not tested| 93 
101 2 (2%) 





* This dog was collected about 4 mile from the patient’s home. 
t Includes 13 cardinals, 6 English sparrows, 2 white-crowned sparrows, and 1 junco 


Toxoplasma from all infected host species mentioned above (except dogs) 
were established in mice as laboratory strains and were maintained for many 
passages. Studies on the pathogenicity of these various strains and their adapta- 
bility to laboratory mice will be published elsewhere (Eyles and Coleman, in 
preparation). 


The recovery of parasites from these animals was analyzed in relation to the 
antibody status of the hosts (Table 1). Seven of the 35 cats tested had dye-test 
titers of 1/256 or higher. Whereas parasites were isolated from five of these 
seven cats with high titers, they could be recovered from only two of 22 animals 
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with titers of 1/64 or 1/16, and from none of the six cats with negligible amounts 
of antibody (sera either negative or positive undiluted). This correlation of anti- 
body titer with parasite recovery is not as perfect as that reported in another 
study (Jones, Eyles, and Gibson, 1957). Nevertheless, it strongly supports the 
premise that the dye test measures a specific antibody which is elaborated by 
the host in response to the presence of Toxoplasma. 

This type of correlation is not well shown in the dogs which we tested. Per- 
haps this is due to the small number of animals examined, since studies on a 
much larger series of dogs from the Memphis city pound revealed parasites 
only in animals with high dye-test titers (Gibson and Jumper, in preparation). 
The dogs in the present study were collected within a one-half mile radius of 
the patient’s home and cannot be considered as having as intimate a relationship 
with the infected family as had the other animals reported in Table 1. The dogs 
tended to have considerably lower titers than the cats previously discussed. 
Parasites were recovered from only one dog, which had a dye-test titer of 1/16 
and was captured about one-quarter of a mile from the area under study. 

An interesting and perhaps significant situation is revealed by the data from 
our studies on domestic mice. Because of their small size and because many 
were killed by snap traps when collected, sufficient serum for testing was ob- 
tained from only 13 of the 121 mice studied. Interestingly enough, the only one 
of these 13 which had antibodies gave a titer of 1/1,024 and parasites were 
recovered from that mouse by animal inoculation, while the 12 serologically 
negative mice were also negative parasitologically. Even more striking is the 
fact that parasites were recovered from 25 per cent of the 20 mice caught within 
the home of the infected family, while only two per cent of the 101 mice caught 
in nearby homes appeared to be infected. 

The serological response of birds to Toxoplasma infection is much less marked 
than in the case of the mammals which have just been discussed. Of the two 
infections which were detected in domestic ducks, one occurred in a bird with a 
titer of 14 and one in a bird which was not tested for antibodies. Among the 
seven chickens tested, one infection was found in a bird which gave a positive 
test only with undiluted serum, while two infections were detected in serologically 
negative birds. This lack of correlation between dye-test antibodies and in- 
fection by the parasite is a feature which has also been noted in our laboratory 
during experimental work with fowls. 

Table 1 also gives comparable data for pigeons and other wild birds which 
were tested. Here the relationship between antibody titer and current infection 
seems to be more stable than in the domestic fowl. Of the 16 pigeons tested, 
parasites were recovered from the only one with a dye-test titer of 1/16, while 
all birds with negative sera were likewise negative parasitologically. No anti- 
bodies were found among the 22 wild birds which were tested, nor were parasites 
recovered from any of them. 

Only in the case of cats did we have a large enough series to study the relation- 
ship of serological and parasitological findings to sex and age of the hosts. These 
data are given in Table 2. Only four of the animals in this series were judged to 
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TABLE 2 


Summary, by age and sex, of dye-test results and animal inoculation studies of cats 


. Dye tes i i i 
ne ye test Animal inoculation 
examined : ne SME <hets REE eeel 

No. positive* | Per cent positive* No. infected Per cent infected 


Sex and age 


Males 
Adult 16 94| 
Juv 100/ 
Fe males 
Adult 
Juv. 


94 


Total 


* At titers of 1/16 or higher. 
+ Excluding one serum which was positive undiluted. 


be juveniles, on the basis of body size and development of the external genitalia, 
and even these four undoubtedly were several months old. Infection was found 
at least as frequently in these younger cats as in the older animals, both by the 
serological and the parasitological methods. The number of juveniles is too 
small to justify further comparison on the basis of age and adults and juveniles 
are considered together in the following analysis. 

Considering as positive those sera which gave a titer of 1/16 or higher, the 
dye test was positive in 94 per cent of the male cats and in 71 per cent of the 


females. Statistical analysis of the difference between these percentages gave a 
critical ratio of 1.86 and a probability of 0.06, indicating that the difference 
probably is not significant. If the adult female cat whose serum was positive 
when undiluted is included among the positives, the difference between the 
sexes is even less. 


Inoculation of brain tissue into uninfected mice revealed Toxoplasma infections 
in 17 per cent of the male cats and in 24 per cent of female cats. Statistical 
analysis of these rates gave a critical ratio of 0.52 and probability value of 0.6 
indicating that the difference is not significant. Thus we can conclude that, on 
the basis of our sample, Toxoplasma infection occurs with equal frequency in 
cats of either sex. 

Since arthropods have been suggested by various workers as possible vectors 
in the transmission of Toxoplasma infections, we attempted to assess the role 
of ectoparasites in the present situation. Table 3 summarizes the work done in 
this connection. Ectoparasites were collected from 15 cats, one mouse, two pigeons 
and one cardinal. All of these hosts are included among the animals reported 
above which were tested for Toxoplasma infection by inoculation of brain tissues 
into laboratory mice. All but the mouse also were tested serologically. No evi- 
dence of Toxoplasma infection, either parasitological or serological, was found 
in the mouse, the cardinal, or the two pigeons from which ectoparasites were 
taken. Of the 15 cats which furnished ectoparasites, two were found to be in- 
fected with Toxoplasma by inoculation of brain tissue into mice, and 12 had 
positive dye tests, five of them at high titer (1/64 or higher). 
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TABLE 3 
Summary of attempts to recover Toxoplasma from ectoparasites by inoculation into laboratory 


animals 


Host 
Mouse Pigeon Cardinal 


Number examined for ectoparasites ; 14 3 
Number infested with ectoparasites 3 2 
Number from which ectoparasites l 2 
were inoculated into mice 
Dye test titer of hosts* 256 (2)t 
} (3)T 
] (6) 
Undil. (1) 
Neg. (3) 
Number and kind of ectoparasites 18 fleas 1 mite 36 bird 16 mites 
inoculated into mice 171 mites lice 
Number of ectoparasite pools 9 2 
Number of pools positive for Toxo 0 0 
plasma 


Neg. (2) 


* Figures within parentheses indicate the number of hosts at each titer level from 
which ectoparasites were recovered. 

t Only two of the hosts from which ectoparasites were recovered revealed T'ozoplasma 
infections by inoculation of brain tissues into mice. These animals, both cats, had titers 
of 1/256 and 1/64 and yielded, respectively, 8 fleas and 2 fleas. 


A total of 242 ectoparasites was used, as shown near the bottom of Table 3. 
The fleas were Clenocephalides felis and C. canis, with the former species pre- 
dominating. Specific identification of the mites and bird lice was not attempted. 
The ectoparasites were pooled into 13 groups for emulsification and inoculation 
into laboratory mice by the technique previously described. Results were com- 
pletely negative, with no indication of Toxoplasma infection in any of the inocu- 
lated mice. 

DISCUSSION AND CONCLUSIONS 


Our experience in the present study suggests that it may not be necessary to 
make subinoculations from the original mouse passage in order to detect Tozo- 
plasma infections in suspected animal hosts. Of the seven cat infections which 
were found in this series, for instance, five were detected by microscopic exami- 
nation of fresh, unstained peritoneal exudate of first passage mice one week after 
inoculation, when they were sacrificed for routine transfer to mice of the second 
passage. Another cat infection was recognized only in a first passage mouse 
which was sacrificed eight weeks after inoculation. In this case the mouse in 
question had developed a dye-test titer of 1/1,024 and a very few bodies re- 
sembling Toxoplasma pseudocysts were found in its brain. No evidence of in- 
fection was found in other first passage mice nor in mice of the subsequent pass- 
ages. 

Only in one case did second or third passage mice contribute to the detection 
of infection in a host animal. In this instance, Toxoplasma were recognized only 
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in fresh peritoneal fluid from one mouse of the third passage when it was sacri- 
ficed six weeks after inoculation. All other animal infections listed in Table 1 
were detected in first passage mice, usually by examination of the fresh, un- 
stained peritoneal fluid. On the basis of our experience, it would appear that 
the preferred technique for this type of study would include only one passage 
in mice, some of which would be sacrificed one week and two weeks after inocu- 
lation for examination of the peritoneal exudate, both stained and unstained, 
while others would be held for eight weeks and then examined by means of the 
dye test as well as microscopically. We have already pointed out that the last 
25 animals which we tested in the present study were handled by this procedure. 
Additional data and discussion regarding our experience with various methods 
of detecting infections in host animals are being presented elsewhere (Jones ef 
al., in preparation). 

There are several potential sources of Toxoplasma infection in nature but it 
is not known which may be of importance to man. The parasite occurs in many 
species of animals and birds, including rabbits, mice, rats, dogs, cats, sheep, 
swine, cattle, pigeons, canaries, and several other species less closely associated 
with man. This multiplicity of vertebrate hosts has quite naturally led to the 
suggestion that some of these animals may represent the source from which 
human infections are derived but confirmation of such a relationship still is 
lacking. 

Various investigators have reported sick dogs and cats in connection with 
human cases and in some instances Toxoplasma have been recovered from such 
animals. Johnson (1946) and Cowen et al. (1942) described three cases in which 
pet. dogs had sickened while associated with pregnant mothers who subsequently 
delivered toxoplasmic infants. The sick animals died or were disposed of before 
examinations could be made to determine if their illnesses were due to toxo- 
plasmosis. Cole et al. (1953) reported two clinical cases and seven asymptomatic 
cases (recognized by the presence of Toxoplasma antibodies) among 37 persons 
who had had contact with Toxoplasma-infected dogs. In these cases, infection 
in the dogs was confirmed by recovery of Toxoplasma through mouse inoculations, 
by detection of serum antibodies, or by both procedures. Beckett and Flynn 
(1953) reported a human congenital case in which one of two pet dachshunds 
had “brain fever’’, with residual partial paralysis, at about the time the afflicted 
child was conceived. Serological evidence supported the suspicion of toxoplasmic 
infection in the dog. 

The literature also reveals a number of instances in which persons with toxo- 
plasmosis have been associated with sick cats possibly afflicted with the same 
infection. Sabin (1941) and Cowen ef al. (1942) reported such associations but 
were unable to examine the cats in question. Verlinde and Makstenieks (1950) 
found parasites which they believed to be Tozoplasma in brain sections of a 
cat associated both with a family showing serological evidence of infection and 
with an unconfirmed clinical case. Siim (1951) reported two clinical cases and 
one asymptomatic case in association with a cat which gave serological evidence 
of Toxoplasma infection. Barnett et al. (1952) described brain lesions suggestive 
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of toxoplasmosis in a sick cat which had been in contact with the mother of a 
toxoplasmic infant, but animal inoculations of brain tissue from this cat failed 
to verify the diagnosis. Beattie (1957) likewise was unable to isolate parasites 
by mouse inoculations of tissues from serologically positive sick cats associated 
with human cases of the lymphadenopathic type. Borgen ef al. (1956) reported 
convincing histological and serological evidence of feline Toxoplasmosis associ- 
ated with a human case, but animal inoculations were negative. Thus it appears 


that the results we have reported in the present study represent the first suc- 
cessful recovery of Toxoplasma from cats associated with human infection. 

Each of the foregoing studies has pointed out the association of human toxo- 
plasmic infection with possible concurrent infections in one or two species of 
animals, principally dogs and cats. If we had confined our investigation to the 
cat, the only species of animal reported by the patient’s family to have shown 
illness during the presumed time of infection, our data also would have pointed 
strongly toward that species as the probable source of human infection. The 
inclusion in our study of all animals in the area has given a considerably different 
picture, and though our results do not suggest the actual mode of transmission, 
they do indicate that all vertebrate species living in the immediate neighborhood 
(with the exception of wild birds) showed some degree of infection with Tozo- 
plasma organisms. 

Furthermore, other studies from our laboratory (Jones, Eyles, and Gibson, 
1957) indicated that, at least insofar as cats are concerned, toxoplasmic infec- 
tion was not limited to the immediate area which we studied but was even 
more prevalent in other parts of Memphis. This epidemiological picture leads 
us to propose that toxoplasmosis should be considered as a zoonosis in which 
man is only one of several normal vertebrate hosts. 

We cannot at present evaluate the fact that Toxoplasma infection was fairly 
frequent in mice collected from the home of the afflicted family in this study 
while mice captured in nearby houses were mostly uninfected. This association 
between infected rodents and infected human beings is highly provocative, 
however, and deserves further study. 

Any concept regarding the transmission of toxoplasmosis must take into con- 
sideration the ubiquity of the parasite and its frequent appearance in many 
species of hosts within a given locality, as we have demonstrated. Transmission 
must occur by some means common to all hosts involved, or else it must consist 
of a series of two or more overlapping mechanisms which operate to bring the 
parasite into contact with its several susceptible host species. 


SUMMARY 


Recognition of fatal congenital toxoplasmosis in a new-born Negro infant 
in Memphis, Tennessee, provided an unusual opportunity for epidemiological 
study. Serological tests suggested that all members of the infant’s family had 
been exposed to a common source of infection at a fairly recent date. Brain 
tissues from all available animals in the immediate neighborhood were inoculated 
into white mice in an attempt to isolate Toxoplasma. Parasites were recovered 





1000 COLVIN L. GIBSON AND DON E, EYLES 


from 7 of 35 cats (20%); from 2 of 3 domestic ducks (67 %); from 3 of 7 chickens 
(43 %); from 1 of 16 pigeons (6%); and from 7 of 121 mice, Mus musculus (6%). 
Of 20 mice caught in the infected family’s home, five were infected with Tozo- 
plasma, while only two of 101 mice from neighboring homes were infected. One 
dog collected four blocks away contained parasites, but eight others taken within 
a half-mile radius of the patient’s home were negative. No infections were found 
in 22 wild sparrows and cardinals. Since all vertebrates in the area, except the 
wild birds, showed some degree of infection with Toxoplasma organisms, it is 
suggested that toxoplasmosis should be regarded as a zoonosis in which man is 
only one of several normal vertebrate hosts. 
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NOTES ON THE MITOSIS OF ENTAMOEBA HISTOLYTICA 
T. J. BROOKS, Jr. 


Departme nt of Preventive Medicine Unive sity of Mississippi School of Medi ine. Jackson, 
VW SSUSSippt 


The multiplication of a parasite has a direct bearing on its pathogenicity. 
For this reason the mitosis of the trophozoites of Entamoeba histolytica has been 
studied extensively (Dobell, 1919, 1928; Kofoid and Swezy, 1925; Uribe, 1926). 
Studies on encystation, nuclear division within the cyst, excystation, metacystic 
development, and multiple fission without encystment were also reported by 
Kofoid and Swezy, 1925, and Cleveland and Sanders, 1930. 

In making comparative studies of the intestinal amebae, Pan and Geiman 
(1955) studied cytochemical reactions designed to detect nucleic acids in the 
nuclei of EL. histolytica and EF. coli. Their paper contains two photomicrographs 
and eight drawings of mitotic figures in trophozoites of E. histolytica. Although 
the process of nuclear division has been outlined by the above authors most of 
the documentary evidence from which descriptions have been made has been 
presented in the form of drawings. Only a few photomicrographs have appeared 
in the literature. 

In examining a hematoxylin-stained smear obtained from a dog experimentally 
infected with /. histolytica the present author came upon a trophozoite in a late 
telophase stage of nuclear division. The photomicrograph (Fig. 1) shows that 
there are two distinct nuclei connected by a thin strand of chromatin material. 
In the larger nucleus the chromatin granules appear to be fairly evenly distributed 
around the periphery, and a definite karyosome is present. At one point the 
contour of the nuclear membrane is distorted into a funnel-shaped appearance 
which tapers into the thin line of chromatin material connecting this nucleus 
to the second one. The chromatin substance of the second nucleus has not fully 
attained a peripheral distribution, and no karyosome is visible. A camera lucida 
drawing of this parasite is shown in Fig. 2. 

Although this stage resembles somewhat the drawing presented in Fig. 113 
of Cleveland and Sanders (1930) the author has been unable to find a published 


photomicrograph hav Ing the same appearance as the specimen presented here. 


In the photomicrographs and drawings of the telophase stage presented by 


Uribe (1926) the nuclei appear as elongate ‘‘sausage-shaped”’ structures with the 
chromatin material concentrated at opposite poles of the two daughter nuclei 
until separation is complete. He also describes a “‘clear cone” topped by a cen- 
triole at each of the polar caps which persists ‘for some time in the daughter 
nuclei even after their separation, but disappears with the formation of the 
karyosome”’. This would indicate that complete separation of the two nuclei 
occurs before the disappearance of the clear cone and centriole, and before the 
formation of the karyosome. This did not occur in the specimen presented here. 

Owing to the wide variations encountered in the different strains of 2. histo- 
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lytica it is not surprising that the appearance of the mitotic figures may vary. 
This specimen is presented in the hope that it may be of interest to those engaged 
in studies on the life history of this parasite. 


SUMMARY 


A trophozoite of Entamoeba histolytica in the late telophase stage of mitotic 
division is described. This organism was identified in a stained preparation ob- 


tained from an experimental infection in a dog, and appears to have certain 
characteristics not previously described. 
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MAYARO VIRUS: A NEW HUMAN DISEASE AGENT 
I. RELATIONSHIP TO OTHER ARBOR VIRUSES 
JORDI CASALS ann LORING WHITMAN 
The Rockefeller Foundation Virus Laboratories, New York 


As described in the following paper (Anderson ef al., 1957), five strains of 
virus were isolated from the blood stream of human beings in Trinidad, B.W.LI., 
which were unlike previously studied agents from that area. While they were 
highly pathogenic for infant mice, they produced little or no evidence of disease 
in adult mice. Because of the possibility that these might represent a hitherto 
undescribed virus, samples of two strains, Tr 4675 and Tr 5264, were sent to the 
New York laboratories for further study and identification. 

At the time that initial serological studies with these agents were indicating a 
close relationship between Tr 4675 and Semliki Forest virus, an outbreak of 
acute febrile illness occurred in the state of Parad, Brazil, on the Guama river 
about 120 miles east of Belém. This was immediately investigated by the Belém 
Virus Laboratory and six strains of a virus were isolated which behaved in mice 
in a manner similar to the Tr 4675 virus. Because of the fact that an earlier 
survey of the Amazon region had shown a widespread distribution of antibodies 
to Semliki Forest virus (Causey and Theiler, in preparation), it was immediately 
suspected that the Guama agents might not only be the same as the Trinidad 
agents but might also be responsible for the demonstrated immunity. These 
agents were transshipped to the Rockefeller Foundation Virus Laboratories, 
New York, together with acute and convalescent sera from the donors and a 
large series of bloods taken from other persons in the area of the outbreak. A 
description of the Par4 outbreak as well as a discussion of the serological findings 
obtained with the Brazilian sera are presented in a third paper (Causey and 
Maroja, 1957). 

In view of the failure of these agents to kill adult mice, it was deemed im- 
practical to attempt routine neutralization test studies as a primary means of 
serological identification. Recent experiences in this laboratory with hemag- 
glutination inhibition and complement fixation tests suggested, however, that 
the relationship of the new agents to previously described viruses could be 
rapidly determined by these tests assuming that satisfactory antigens could be 
prepared. 


HEMAGGLUTINATION (HA) AND HEMAGGLUTINATION-INHIBITION (HAI) STUDIES 


At the time that these studies were initiated, Clarke and Theiler had recently 
completed an investigation on the preparation of HA antigens from the sera 
of infant mice at the peak of viremia following infection with Semliki Forest 
virus and Bunyamwera virus (Clarke and Theiler, 1955). They had undertaken 
this investigation because of previous failures to obtain hemagglutinating an- 
tigens with these agents from infected mouse brains. In view of their demonstra- 
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tion that satisfactory antigens could be made from serum, the first attempts to 
prepare an HA from Tr 4675 and Tr 5264 were made both with brain and serum 
from infected infant mice. It soon became apparent that, with the techniques 
used, no HA was demonstrable in the acetone-ether extracted mouse brain 
material but that a serviceable HA antigen was readily obtainable from Tr 
4675 by acetone-ether extraction of serum. This antigen was found to be capable 
of reacting with chick erythrocytes at temperatures of 4° C., 22° C. and 37° C. 
at an optimal pH of 6.4. Table 1 gives an example of a characteristic test em- 
bodying the above findings. While a serum-antigen was demonstrable for Tr 
5264, its titer was so low as to preclude further studies with it at this time. 

A means having been found for preparing a satisfactory antigen for Tr 4675, 
it was immediately tested in combination with a large number of hyperimmune 
mouse antisera, including five representatives of Group A arbor viruses and ten 
representatives of Group B as well as nine other assorted sera known to be differ- 
ent from the above (Casals, 1957). The result of this preliminary test indicated 
that Tr 4675 was inhibited to a greater or less extent by all the sera from the A 
group but by none of the others. Furthermore, the specific serum giving the 
maximum HI was an anti-Semliki Forest virus serum. Because of the recent 
experience with the preparation of Semliki antigens in which serum but not brain 
antigens could be prepared, and because of the above findings, it was at first 
thought that Tr 4675 was a strain of Semliki virus. 

As soon as anti-Tr 4675 and anti-Tr 5264 mouse hyperimmune sera were 
available, it was possible to compare their ability not only to inhibit Tr 4675 
antigen but to inhibit Semliki antigen as well. It was at this time that measurable 
differences between the two viruses were first observed. Table 2 gives a summary 
of the early findings when sera for the several members of the A group of viruses, 
including Tr 4675 and Tr 5264, were tested against Tr 4675 and Semliki antigens. 

In this table it can be seen that sera prepared against Tr 4675 and Tr 5264 
were equally effective in inhibiting Tr 4675 antigen and in high dilution. While 
both sera were capable of inhibiting the Semliki antigen they were, nevertheless, 
four times less potent. In contrast, the Semliki antiserum was eight times more 
potent against Semliki antigen than against Tr 4675. 

In view of the above relationship it was of interest to test the capacity of 
sera from other animal sources to inhibit the agglutinins from these two viruses. 


TABLE 1 
Hemagglutination by Mayaro virus 


Temperature °C. and pH 


Antigen,* 
strain 


6.4 6.8 


4675 250+ | 1000 | 500 65 500 1000 | 125 15 500 1000 
5264 0 0 0 0 0 15 15 0 0 15 


* Antigens were derived from serum; those from brain failed to react. 
+ 250 = Highest dilution of antigen that gave complete agglutination 
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With this in mind five guinea pigs were inoculated intracerebrally with 0.1 ce. 
of a 10 per cent infected mouse brain suspension of Tr 4675. Three of these 
died with evidence of CNS involvement. The survivors were subsequently used 
as donors of immune serum. In the same way, guinea pigs were inoculated with 
the six strains of virus isolated in Brazil (one for each virus). None of these 
animals died. Finally, sera from guinea pigs inoculated with Semliki virus were 
available for comparative tests. The overall results of these tests are included 
in Table 3. 

As can be seen from Table 3, there is a consistently sharp divergence between 
the homologous and heterologous titers despite the overlap. The sera from the 
guinea pigs immunized with the Trinidad and Brazilian viruses inhibited Tr 
1675 hemagglutinins in dilutions eight or more times greater than those required 
for inhibiting the heterologous hemagglutinin. Conversely, the Semliki sera 


TABLE 2 
Hemagglutination inhibition tests cross-reactions between Mayaro and group A 


viruses 
Antigen 
Mayaro Semliki Homologous 


EEE 160* 20 10240 
Mayaro-4675 1280 320 
Mayaro-5264 2560 640 
Semliki 320 2560 
Sindbis 10 20 
Venezuelan EE 80 80 
WEE 40 80 


* 160 = Highest dilution of serum that inhibited hemagglutination. 


TABLE 3 


Hemagglutination inhibition tests with sera from immunized guinea pigs 





° . HI titer against antigen 
Post-inoculat ion S . 


GP No Inoculum Days 


Semliki Tr 4675 
107 Tr 4675 101 160 5120+-* 
109 Tr 4675 101 1280 5120+ 


127 Semliki 7 2560 40) 
130 Semliki 2560 160 


Para 1 (H 290) ] 40 320 
Para 2 (H 256) 7 40 320 
Para 3 (H 298) 7 10 80 
Para 4 (H 299) 7 40 640 
il Para 5 (H 407) 7 20 320 
12 Para 6 (H 386) 20 320 


* 5120+ = No end point reached. Inhibition occurred in highest serum dilution tested. 
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were markedly more effective against Semliki hemagglutinin than against Tr 
4675 hemagglutinin. 


COMPLEMENT FIXATION (CF) STUDIES 


To see whether the differences between Tr 4675 and Semliki were demonstrable 
in CF tests, antigens and antisera for both agents were prepared and tested. 
For each test serial twofold dilutions of antigen were tested against similar 
dilutions of serum in a grid or box type of test. Figure 1 gives a graphic representa- 
tion of the more important findings from such tests. 

Figure 1 requires, perhaps, more explanation. The shaded areas in each box 
indicate the combination of antigen and serum dilutions which resulted in the 
fixation of complement. For example, Semliki antigen in a dilution of 1:16 
(8 units) fixed complement when combined with homologous serum in all di- 
lutions up to and including 1:256. The same dilution of antigen fixed complement 
with Tr 4675 serum up to a dilution of 1:32. The Semliki antiserum was, thus, 
eight times more reactive with Semliki antigen. When, however, these same 
two sera were combined in an equivalent fashion with Tr 4675 antigen, the un- 
diluted antigen (8 units) was reactive with homologous serum in dilutions through 
1:32 but with Semliki serum in a top dilution of 1:16. Thus, it required 16 times 
more Semliki antibody to react with 8 units of Tr 4675 antigen than with 8 units 
of the homologous antigen. The converse is not so divergent, 1 unit of Tr 4675 
serum reacted with 8 units of both homologous and heterologous antigens. 
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However, 8 units of Tr 4675 serum failed to react with 1 and 2 units of Semliki 
antigen though obviously reacting with its own. In contrast to the above dis- 
crepancy in reactivity of homologous versus heterologous systems is the finding 
demonstrated in the box titration using Tr 5264 antigen where no significant 
difference is observed in the activity of the two antisera Tr 4675 and Tr 5264. 
Furthermore, when Tr 5264 serum was tested against Semliki virus and Semliki 
serum against Tr 5264 virus, the patterns of reaction were almost identical 
with those demonstrated for Semliki vs. Tr 4675. Because of this close similarity, 
they have not been included in the above figure. These tests warrant the con- 
clusion that Tr 4675 and Tr 5264 are interchangeable and equal but that marked 
quantitative differences exist between these two and Semliki Forest virus even 
though cross-reactions are readily observed when concentrated antigens and 
antisera are used. 


NEUTRALIZATION TEST STUDIES 


ded 


As stated earlier, little attempt was made to differentiate Tr 4675 from Semliki 
Forest virus by means of neutralization test techniques, owing to the fact that 
the Tr 4675 agent was not capable of killing adult mice. However, limited in- 
formation was obtained by means of intraperitoneal protection tests in infant 
mice which indicated that Tr 4675 and Semliki Forest virus were indeed very 
closely related. Table 4 summarizes these tests. 

As can be seen in Table 4, the Tr 4675 and Semliki hyperimmune mouse serum 
completely neutralized both test viruses in the most concentrated dosage tested. 
As a result, there was no way of observing whether either serum had a greater 
capacity to neutralize its own virus than to neutralize the heterologous virus 
and these tests therefore serve merely to emphasize the closeness of the relation- 
ship of these two viruses, not to differentiate them. It should be pointed out, 
however, that in our experience hyperimmune mouse serum produced by the 
multiple inoculation technique has shown broadened overlaps between related 


TABLE 4 
Relationship between Tr 46765 virus and Semliki Forest virus as shown by 


intraperitoneal neutralization tests in new-born mice 


Virus 
Semliki Tr 4675 


Titer of virus Log. neut. Titer of virus 


None, diluent 10-7°? - 
Tr 4675 <10-% >4. <107?-' 
Semliki <10-3 >4 <10-? 
WEE* 10-*. 1.6 10-4 
West Nile 10-77 0 10-¢ 
Japanese 10°*.4 —0.7 >10-* 


10-77 


* WEE = Western Equine Encephalomyelitis. 
All sera derived from mice. Both West Nile and Japanese B encephalitis viruses belong 
to Group B, arbor viruses. 
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agents. It should also be noted that intraperitoneal neutralization tests in infant 
mice indicate serological relationships between agents which the more selective 


intracerebral test in the adult mouse fails to reveal. In studies reported by Smith- 


burn ef al. (1944), for example, Western equine encephalomyelitis (WEE) serum 
prepared in rhesus monkeys gave absolutely no evidence of neutralizing Semliki 
Forest virus in standard intracerebral or intraperitoneal neutralization tests 
in adult mice, yet Table 4 shows that the WEE mouse hyperimmune serum gave 
appreciable neutralization of both Tr 4675 and Semliki virus in the intraperitoneal 
infant mouse tests. 


STUDIES ON HUMAN SERA FROM PARA, BRAZIL 


Paired human sera were available from six individuals from whom a virus 
similar to Tr 4675 was isolated, and as noted earlier, guinea pigs inoculated 
with these six strains of virus responded with antibodies which reacted quantita- 
tively with Tr 4675 antigen and Semliki antigen in a way similar to that of sera 
from guinea pigs inoculated with Tr 4675. The paired human sera were tested 
against the two antigens to see whether the apparent specificity of laboratory- 
produced immune sera in mice and guinea pigs was to be found in human con- 
valescent serum. The results of such tests are given in Table 5. 

As may be seen, none of the virus donors had demonstrable inhibitors to either 
antigen at the time of viremia, but all developed them in convalescence. Further- 
more, the degree of inhibition was much greater against Tr 4675 than against 
Semliki. This difference was of the same order as that observed previously in 
studies on mouse and guinea pig immune sera. In addition to the above con- 
valescent sera, 14 other sera from the Para collection were found to contain 
HA inhibitors to both antigens and in every case the inhibition of Tr 4675 was 
markedly greater than the inhibition of Semliki. Averaging the titers of these 
20 reacting sera, we find that they were active in a dilution of 1:450 against 
the Tr 4675 antigen as opposed to a 1:32 dilution against Semliki antigen. 

These same 20 sera were tested in a standard Semliki intracerebral neutrali- 
zation test and it was found that 16 of them either fully or partially neutralized 
the test virus. Again, no quantitative studies were done, nor have these sera 
been tested by an equivalent means for their capacity to neutralize Tr 4675. 


TABLE 5 
Hemagglutination inhibition tests done with sera from humans from whom a 


virus resembling Tr 4675 was isolated 
Acute Convalescent 
Semliki Tr 4675 Semliki 


Case 0 320 80 
Case : 0 320 0 
Case : 0 160 40 
Case ¢ 0 80 10 
Case 0 40 10 
Case 6 0 80 4() 
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However, this evidence supports the belief that the two agents are more closely 
related than has previously been reported for other agents which are currently 
included in arbor viruses, Group A. Furthermore, it suggested that the pre- 
viously encountered positive “Semliki” sera in Brazil were in actual fact more 
probably the result of infection with Mayaro virus. This suggestion was con- 
firmed in part by testing some of the serum samples still available from the origi- 
nal survey for their relative capacity to inhibit Mayaro and Semliki hemaggluti- 
nins. Twenty-eight specimens which had neutralized Semliki virus were thus 
tested against the two antigens and invariably were found to inhibit Mayaro 
more readily than Semliki. The average effective dilutions which inhibited 8 
units of antigen were 1:320 for Mayaro and 1:40 for Semliki, figures quite com- 
parable to those obtained on sera from Guama. 


DISCUSSION 


The data presented indicate that Tr 4675 (Mayaro) virus is related to Semliki 
Forest virus in its antigenic make-up. In fact, the relationship is so close as to 
raise the question of whether to consider Mayaro a strain of Semliki virus or 
to give it the status of a new virus. In the past determination of antigenic re- 
lationship has been restricted, in the main, to the intracerebral protection test 
in adult mice. However, during the past few years, complement fixation and 
hemagglutination inhibition tests have proved themselves great aids in demon- 
strating clearly relationships which have only been hinted at in neutralization 
tests. In general the increasing evidence has favored the belief that hemaggluti- 
nation inhibition tests are the best means of showing group relationship between 
viruses, whereas intracerebral mouse protection tests are better for showing 
specific differences. In the present instance these values appear to be reversed. 
Certainly the Mayaro virus stimulates in man the production of antibodies 
that have sufficient potency to neutralize Semliki virus in routine intracerebral 
neutralization tests. Were the evidence restricted to this fact alone it would be 
assumed that the two viruses were the same. However, the consistent and marked 
separation of the two agents by means of both the complement fixation and the 
hemagglutination inhibition test makes it clear that readily measurable antigenic 
differences exist between the two agents. The question therefore arises as to 
what relative weight shall be given to the results of the several available tests. 


For the moment there seems justification for saying that, in so far as clearly 


defined differences between agents can be shown in one type of test and con- 
firmed in a second type, the agents are distinct entities, regardless of whatever 
similarities they may exhibit in a third type of test. The possibility exists, how- 
ever, that as new viruses are isolated and studied a continuous series of variant 
strains may eventually be found, with markedly divergent extremes but with 
intermediates bridging the gaps. Should this be the case, it may be advisable 
to consider Mayaro virus not so much as a new agent as one of the constituents 
of a viral complex bearing the name Semliki Forest viruses. 
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SUMMARY 

Two viruses from Trinidad, Tr 4675 and Tr 5264, have been compared by 
means of hemagglutination inhibition tests, complement-fixation tests and 
neutralization tests with other previously described arthropod-borne (arbor) 
animal viruses. It has been found that the Tr 4675 and Tr 5264 are antigenically 
indistinguishable by HI and CF tests. 


Tr 4675 has been found to belong to Casals’ Group A of arbor viruses and to 
be most closely related to Semliki Forest virus. However, both by HI and CF 
tests, Tr 4675 is sufficiently distinguishable from Semliki Forest virus to justify 


its being considered as a new agent. It has been named Mayaro virus. Despite 
the fact that both animal and human immune sera react with the homologous 
(Mayaro) HA and CF antigens in significantly higher titer than with Semliki 
antigens, the degree of overlap as shown by intracerebral neutralization tests 
is none the less considerable. Convalescent sera from recently infected human 
beings have sufficient antibodies to be readily demonstrable in standard Semliki 
neutralization tests. 
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II. IsoLaTion FROM BLoop or PATIENTS IN TrinrDAD, B.W.I.! 


CHARLES R. ANDERSON, WILBUR G. DOWNS, GEORGE H. WATTLEY, 
NORMAN W. AHIN anv ALICK A. REESE 


The Trinidad Regional Virus Laboratory, Port-of-Spain, Trinidad, B.W.I. 


Five related viruses have been isolated from the blood of human beings suffer- 
ing from febrile illnesses in Trinidad, B.W.I., in 1954. Two of these agents have 
been studied in detail in the Rockefeller Foundation Virus Laboratories in New 
York and have been found to be closely enough related to be considered strains 
of the same virus (Casals and Whitman, 1957). This virus was found to be 
sufficiently distinct in its characteristics from other known viruses to be regarded 
as a new disease agent. It has been named Mayaro, because the first case of the 
disease in a human being was seen in the Cat’s Hill region of Mayaro County 
in southeastern Trinidad. 

This paper reports the available clinical information about the cases and details 
of the isolation of the virus strains. 


CLINICAL HISTORIES 


Case No. 1. This 24-year-old male mulatto, a worker in the forest at Cat’s 
Lill, had an undiagnosed fever of short duration. He was given no therapy and 


recovered uneventfully. The blood sample (Specimen No. 4675) from which 


the virus was isolated was obtained on August 23, 1954, the first day of illness. 
A convalescent sample was obtained on February 14, 1955. 

Case No. 2. A 31-year-old male East Indian worker from the Cat’s Hill region 
complained of fever for several days, with chilliness and diarrhea lasting for one 
day. The patient had received yellow fever vaccine (17 D) only a few hours 
before the onset of fever and his doctor considered that the iliness might possibly 
be a reaction to the vaccine. A blood sample from which a virus was isolated 
was obtained on the second day of illness, September 2, 1954 (Specimen No. 
5251). 

Case No. 3. The patient was a 14-year-old Negro female resident of San Juan, 
an urban area near Port-of-Spain. She had three days of fever no higher than 
102.2° F., and complained of pains in first one joint and then another. At the 
time she was seen, a finger joint of one hand was painful and swollen. She also 
complained of severe headache but had no stiff neck on examination. The blood 
sample from which a virus was isolated (Specimen No. 5262) was taken on the 
second day of illness, September 3, 1954. The white blood cell count at that 
time was 6,800 per c. mm. Treatment consisted of atabrin and salicylates. Re- 
covery was rapid and uneventful. The convalescent blood sample was obtained 
on November 15, 1954. 


1 The studies and observations on which this paper is based were conducted with the sup- 
port and under the auspices of the Government of Trinidad and Tobago, the Colonial Re- 
search and Development Scheme, and The Rockefeller Foundation. 


1012 





MAYARO VIRUS: A NEW HUMAN DISEASE AGENT. II 1013 


Case No. 4. This 52-year-old male East Indian, a worker in the Piparo Forest, 
had a fever of 3 days’ duration, with ague and pains in the back, knee and should- 
ers. A possible light jaundice was noted but laboratory confirmation of this is 
lacking. His white blood cell count on the first day of illness was 5,000 cells 
per c. mm. He was given antimalarial therapy and recovered uneventfully. A 
virus was isolated from the blood sample (Specimen No. 5264) taken on the 
second day of illness, September 2, 1954. A convalescent blood sample was 
obtained on September 27, 1954. 

Case No. 5. A 52-year-old East Indian male forest worker from Moruga had a 
sudden onset of fever as high as 103.2°, at which time the pulse rate was 88. 
He complained of pains all over the body. The fever lasted only a few days. 
A blood sample from which a virus was isolated (Specimen No. 5559) was drawn 
on September 8, 1954, the first day of illness. A convalescent sample was obtained 
October 22 1954. 

It is possible to construct only the barest details of a clinical picture from the 
above scanty information. One can postulate a fever of several days’ duration, 
which may be high during the first day or two of the illness. General systemic 
complaints of headache, ague, and aching and pain all over the body, of mild 
to moderate intensity, were common to the various cases. One patient (Case 
No. 2) had a loose bowel movement, and another (Case No. 3) had joint pains 
which included swelling. In one case there was a relative bradycardia (Case 
No. 5). The white blood cell counts were 5,000 and 6,800 cells per c.mm., re- 
spectively, in Cases Nos. 4 and 5. Three of the patients were hospitalized (Cases 
Nos. 2, 3 and 4). All of the patients recovered without complications or relapses. 
Rash was not observed in any of the cases. 

As regards epidemiology, four of the cases occurred in adult male forest workers 
in southern Trinidad, and the fifth in a young female urban dweller in northern 
Trinidad. No mechanism of spread has yet been determined. However, the 
presence of virus in the blood stream favors a biting arthropod vector and 
Whitman (personal communication, 1957) has found that the 4675 strain multi- 
plies readily in both Aedes aegypti and Anopheles quadrimaculatus following 
experimental inoculation. 


VIRUS ISOLATIONS 


In each case, the acute-phase serum sample was inoculated intracerebrally 
into a group of two-day-old mice. Virus strains were established from passages 
made on the fourth to the eighth postinoculation day and were maintained in 
serial brain passage in two-day-old mice. No signs of infection were observed in 
adult mice inoculated intracerebrally with suspensions highly lethal for two-day- 
old mice. The agents passed easily through bacteria-tight Seitz EK pads. The 
different virus strains behaved similarly to each other in two-day-old mice. 
In well-adapted strains, serial passage shortened the incubation period to be- 
tween two and five days, depending on the amount of virus inoculated. The 
first signs of illness were irritability and a failure to nurse, followed by prostra- 
tion and death in from one to three days. With less-adapted strains, the incu- 
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bation period and the duration of the illness were more prolonged. In earlier 
passages, a mouse with flaccid paralysis of one or both hind limbs was encount- 
ered occasionally. Some of these paralyzed mice survived the infection and by 
the end of the period of observation (15-20 days) had almost completely re- 
covered the function of the limb. 


IMMUNOLOGICAL STUDIES 


The neutralizing activity of the acute and convalescent sera for the homologous 
virus was determined for each case except Case No. 3 (5262), where none of the 
acute serum was available. In that instance, the sample of convalescent serum, 
which was also small in amount and had to be diluted 1:4, was compared to a 
virus titration done at the same time. In the tests, tenfold dilutions of infected 
mouse brain suspension were added to equal volumes of undiluted, inactivated 
serum (56° C. for 30 minutes) and the mixtures incubated in a water bath at 
37° C. for one hour. Each serum-virus mixture was then inoculated intracere- 
brally into two groups of two-day-old mice. Results are summarized in Table 1. 
The titer of virus in the presence of the serum has been expressed as the logarithm 
of the reciprocal of the 50 per cent mortality endpoint calculated according to 
the method of Reed and Muench (1938). The increase in virus neutralizing 
capacity between the acute-phase serum and the convalescent sample has been 
expressed as the difference between the titer of virus in presence of each serum. 
The results indicated that in each instance there was an increase in virus-neutra- 
lizing activity of the convalescent serum as compared to the acute-phase serum. 

Strains 4675 and 5264 were compared in detail in the New York Laboratory 
and were considered to represent the same virus (Casals and Whitman, 1957). 
In the Trinidad laboratory reciprocal cross-neutralization tests were done 
between the 4675 and 5264 strains and their respective convalescent sera. The 
results of these tests have been summarized in Table 2. No significant differences 
were noted in the virus neutralizing activity of either serum for either virus. 


TABLE 1 


Neutralizing activity of the acute and convalescent sera for the homologous virus 
g y J ¢ 


strain 


Homologous Homologous 
acute serum convalescent serum 


Virus strain 
1675 >6.5* 
5251 7.2 
5262 None available 
5264 >5.4 
5559 4.6 


* Logarithm of the reciprocal of the 50 per cent mortality endpoint. 

+ The titer of virus in the acute-phase serum less the titer in the convalescent serum 

t The serum was employed in a 1:4 dilution. 

§ The figure was calculated from the difference between the titer of virus in the con- 
trol titration (6.0) and the titer in the presence of the convalescent serum. 
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Neutralizing activity of two other convalescent sera for the 4675 strain was 
also determined (Table 2). The serum from the remaining case, No. 3 (5262), 
was exhausted. Strain 4675 was selected because of its high virulence for mice. 
It was found that the convalescent sera from Case No. 2 (5251) and Case No. 5 
(5559) also had significant virus neutralizing activity against the 4675 strain. 

A large group of adult mice was inoculated intracerebrally with an infected 
brain suspension of the 4675 strain. After thirty days, the mice were bled and 
the sera pooled. When tested against the homologous strain and compared with a 
pool of normal mouse serum, the immune serum neutralized over 10,000 LDs5» 
of the virus. The neutralizing activity of this 4675 immune mouse serum for 
the 5251, 5262, and 5559 strains was determined employing the same normal 
mouse serum pool as a control. It was found that 10,000 LDs5o of the 5251 strain, 
800 LDs» of the 5262 strain, and 500 LDso of the 5559 strain were neutralized 
by the 4675 immune mouse serum when compared to the normal mouse serum. 

A hemagglutinating antigen of the 4675 strain of Mayaro virus was prepared 
from infected newborn mouse serum according to the directions described by 
Clarke and Theiler (1955). The acute and convalescent serum samples from 
each of the cases were tested for ability to inhibit hemagglutination by the 4675 
antigen. In these tests, four hemagglutinating units were employed. The results 


» 


are summarized in Table 3. 


TABLE 2 
Neutralization of the 4675 strain of Mayaro virus and the 5264 strain of Mayaro 


virus by convalescent sera of cases from which virus strains were isolated 


Convalescent serum LDso of 4675 strain neutralized LDso of 5264 strain neutralized 
4675 2.4* 
5264 » Be 
5251 $ 
‘ 


5559 
* Calculated as the difference in logarithms of the fifty per cent mortality end-points 
of the control titration and the titration in the presence of the convalescent serum. 


TABLE 3 

magglutination inhibition activity of acute and convalescent sera of cases from 
which virus strains were isolated against a hemagglutinating antigen 

prepared from the 4675 strain of Mayaro virus 


Time interval between 


¥ r Acute serum onvailescent se . 
ase No Acute se Convalescent serum serum specimens 


1 (4675) 1:320 175 days 
2 (5251 1:1,280 147 days 
3 (5262 1:320 72 days 
4 (5264 1:20 25 days 
5 (5559) 1:80 43 days 


* No reaction in the lowest dilution tested, which was 1: 
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SUMMARY 
A new agent, named Mayaro virus, was isolated from the blood of five human 
beings in Trinidad, B.W.I., during August and September of 1954. The disease 
was a mild to moderately severe febrile illness of short duration. The virus was 


pathogenic for infant mice but not for adult mice on intracerebral inoculation. 
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INVESTIGATION OF AN EPIDEMIC OF ACUTE FEBRILE ILLNESS ON THE RIVER 
GUAMA IN PaRA, BraziIL, AND ISOLATION OF Mayaro VIRUS 
4S CAUSATIVE AGENT! 
OTTIS R. CAUSEY anp OTAVIO M. MAROJA 
The Belém Virus Laboratory, Belém, Pardé, Brazil 


On April 13, 1955, the Virus Laboratory in Belém was asked to investigate 


and if possible to help in combating an outbreak of disease characterized by 


fever and headache which had appeared suddenly among resident quarry and 
forest workers on the Fazenda Fronteira situated on the Guama River in the 
State of Parad approximately 120 miles east of Belém. Since over half of the 
hundred-odd resident laborers were said to have come down suddenly with the 
disease, it was decided to visit the area as soon as possible and to attempt iso- 
lation of an etiological agent. For this purpose a field laboratory kit was pre- 
pared, including 34 litters of baby mice with their mothers and the requisite 
tubes and syringes to process and inoculate blood samples. The expedition left 
on the morning of April 15 by truck for a 100-mile drive to the village of Sao 
Miguel de Guama, the terminus of overland travel to the upper Guama River, 
and continued another 20 miles by launch upriver to the Fazenda, arriving about 
midday. 

The Fazenda Fronteira is at the border of relatively unexplored territory. 
It is situated on the left bank of the Guama where the land is low and sandy 
and subject to overflow in the periods of high water. The lakes formed after the 
main stream regains its channel are typical breeding places for Anopheles darlingi, 
the principal vector of malaria in the Amazon region. About a hundred meters 
from the channel and extending for about two kilometers inland there is a gradual 
elevation of terrain to a rocky forested plateau in which is situated the granite 
quarry. Most of the land between the river and the quarry has been cultivated 
in the past but at present is open pastureland or second growth bush. Beyond 
the quarry extend hundreds of miles of virgin forest. The stone workers live 
along a road between the river and the quarry, while the woodcutters live in or 
at the margin of the forest where Saimari monkeys are abundant. 

Shortly after arrival of the laboratory group at the Fazenda house, the quarry 
trucks began bringing in the sick people. These included quarry laborers and 
forest workers as well as members of their families. A total of 115 persons pre- 
sented themselves for consultation. Their temperatures were taken and those 
showing an elevation were bled for attempted virus isolation as well as for serum 
for subsequent immunological studies. In all 53 (46 per cent) of the 115 persons 
were found to have fever. An effort was made to obtain pertinent information 


! The studies and observations on which this paper is based were conducted with the sup- 
port and under the auspices of the Servico Especial de Satide Publica of Brazil and The 
Rockefeller Foundation 
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about each of these suspect cases, including length of residence, occupation, 


contact with the forest, vaccination history and signs and symptoms of the 
present illness. 

Because of the limited mouse supply only 34 of the 53 sera were inoculated 
immediately into infant mice. The remaining 19 were taken to the laboratory 
in Belém where they were inoculated into mice before noon of the following day. 
From this total of 53 specimens four strains of virus were isolated. 

On May 7, a second excursion was made to Fazenda Fronteira to obtain conva- 
lescent sera from the four persons who had yielded virus and to collect further 
blood specimens for serological study and mouse inoculation. Second samples 
were obtained from 37 persons who had been bled on April 15 and sera were 
also collected from 37 other persons who had not been bled previously, two of 
whom yielded virus strains on inoculation into baby mice. Convalescent sera 
from these two cases were obtained on June 26. 


IDENTIFICATION OF THE ISOLATED VIRUSES 


All of the six virus strains isolated were pathogenic for infant mice but not 
for adult mice and appeared, on very limited observation, to be different from 
other viruses encountered in studies of the Belém area. Since the Belém labora- 
tory facilities were not complete enough at the time to permit identification of 
these agents, they were sent to the Rockefeller Foundation Virus Laboratories 
in New York for further study. A report of the findings there is given in the first 
paper of this series (Casals and Whitman, 1957). Briefly, the six agents were 
found to be indistinguishable from Mayaro virus recently isolated in Trinidad 
(Anderson et al., 1957). This virus is closely related to Semliki Forest virus in 
that Mayaro immune serum is capable of neutralizing Semliki virus to a consider- 
able degree in a neutralization test. However, in both hemagglutination-inhibi- 
tion and complement-fixation tests sufficient differences in antigenic structure 
have been recorded to justify calling Mayaro a separate entity. 


DESCRIPTION OF CASES IN WHICH MAYARO VIRUS WAS ISOLATED 


The six persons from whom virus was isolated showed temperatures between 
37.6°C. and 39.7°C. when the blood samples were taken, and had been ill for 
from one to four days. They all complained of a severe frontal headache. Other 
complaints were epigastric pain, backache, nausea, photophobia and vertigo. 
The three patients who had been ill for three or four days showed light icterus. 
Conjunctival injection was also evident in three patients. Blood films were nega- 
tive for malaria in all cases. None of these persons had been vaccinated for yellow 
fever. The signs and symptoms shown by these six patients in the Guama River 
epidemic are summarized in Table 1. 

It is difficult to evaluate the symptoms reported by patients because similar 
complaints were made by persons from whom no virus was isolated. It is perhaps 
significant, however, that illness in the six patients was of short duration, lasting 
from two to five days. Only one patient was confined to bed and he, like the 
others, made a rapid recovery without complications. There were no deaths at 
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TABLE 1 
Signs and symptoms in patients from whom Mayaro virus was isolated in 


Guama river epidemic 


isolated 


virus 


Day of illness 
Duration of 
illne ss 
In bed 
Headache 
Epigastric pain 
Backache 
Photophobia 
Conjunctival 
injection 


Vertigo 


J 34* H 290 
} 37° H 256 
J] 54f H 298 
J 55f H 299 
J 65 H 407 
J 92 H 386 37.6 
7 days at Fazenda before illness. 


11 days at Fazenda before illness. 
After 15 days at Fazenda, absent for 8 days, then fell ill 4 days after return. 


the Fazenda during this epidemic. The malaria parasite rate (Plasmodium falct- 
parum) was 10.5 per cent at the time of the investigation. The houses had 
recently been treated with DDT. It seems probable that some of the illness 
which initially caused alarm may have been due to malaria. 

It is of interest that the first four cases in which virus was isolated occurred 


in new residents in the locality. This fact may give some indication as to the 


incubation period of Mayaro virus in man. As shown in the footnotes to Table 1, 
two of the patients had been at the Fazenda for seven days and the third for 
eleven days before coming down with fever. The fourth patient had worked in 
the forest for fifteen days in March, had returned to his home in a village across 
the river for eight days early in April and had been at the Fazenda again for 
four days when he was encountered with fever, headache, slight photophobia 
and signs of conjunctival injection, and was bled for mouse inoculation. If these 
four persons can be presumed to have acquired their infection at the Fazenda, 
the maximum incubation period for each must be the length of time from arrival 
at the Fazenda, i.e., seven, seven, eleven, and four or more than twelve days, 
respectively. In the remaining two cases, the patients had worked at the Fazenda 
for over a year and had not been away during the three weeks prior to their 
illness in May. 
ANTIBODY STUDIES ON THE GUAMA RIVER EPIDEMIC 

Owing to lack of laboratory facilities for serological tests in Belém, the serum 
specimens collected in the Guama River epidemic were sent to the Rockefeller 
Foundation Laboratories in New York for study. There they were tested for 
their capacity to neutralize Semliki Forest virus in standard intracerebral neu- 
tralization tests in mice, and later selected sera were examined by hemagglutina- 
tion inhibition tests for their capacity to inhibit not only Semliki virus antigen 
but Mayaro as well. Some of these findings have been included in the first paper 
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of this series (Casals and Whitman, 1957). In view of the close relationship that 
has been shown to exist between Mayaro virus and Semliki, it is felt that the 
protection test results represent a valid picture of significant antibody change 
during the outbreak and they will be discussed as such here. 

Of the 53 blood specimens collected on April 15, 3 were lost in transit to New 
York. The remaining 50 showed no demonstrable capacity to neutralize Semliki 
virus. At this time, then, either the population had never encountered this virus 
or, if it had done so, the residual antibodies from a previous infection were not 
in sufficient titer to be demonstrable by this method. From four of the above 
specimens virus was isolated. On May 7, second blood samples were obtained 
from 37 of the original serum donors, including the four virus donors. Sera from 
the latter four, as well as three other second samples, showed antibodies capable 
of neutralizing Semliki virus. Also on May 7, 37 other persons were bled for the 
first time and of these, 7 had antibodies for Semliki virus. Thus, while none of 
the original 50 sera collected on April 15 showed detectable antibodies, 14 of the 
74 (18.9 per cent) sera drawn on May 7 were capable of neutralizing Semliki 
virus—a rather marked shift during the three-week interval. Virus was isolated 
from two of the negative serum donors of May 7, and second blood samples 
were obtained from them on June 26. Although these two convalescent sera 
were not tested by means of the neutralization test, they were shown by hemag- 
glutination inhibition tests to contain antibodies against both Mayaro and 
Semliki antigens—antibodies that were absent from the original bloods obtained 
May 7. These sera are therefore included with the above 14 positives in the 


TABLE 2 
Persons showing semliki neutralizing antibodies in the Mayaro epidemic on the 
Guama river and virus strains isolated 
Virus isolated Serum antibodies 


Time of 
hen ’ Time of 


Occupation 
residence — 


April 15 May 7 /|April 15| May 7 |June 26 


oe 


4 years Housewife 
20 years Laborer 
7 days Woodcutter 
days Woodcutter 
years Quarrier 
M days Woodcutter 
M | 30 days Woodcutter 
M Mendicant 
M year Woodcutter 
F 3 years Laundress 
F Student 
M | 22 years Quarrier 
M | Quarrier 
28 M days Quarrier 
9 M } years 
ag 29 M 1.5 years Laborer 


H 290 
H 256 


H 298 
H 299 


+H +++++ 


] 86 
88 
J 92 H 386 


tH+_++++ 


= HI antibodies demonstrated in convalescent serum—not tested in Neutraliza- 
tion Test. 
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absence of neutralization tests. In summary, there is evidence that in association 
with an outbreak of disease in which six strains of Mayaro virus were isolated, 
antibodies capable of neutralizing Semliki virus appeared in 18.9 per cent of the 
population within a month of the beginning of the outbreak. These findings are 
presented in Table 2. 

Table 3 summarizes data concerning incidence of infection and age and sex 
of donors. Of the 16 sera showing neutralizing antibodies, 13 were from males 
and 3 from females. Only two of the positive sera came from persons under 14 
years of age. It is evident from the table that the attack rate in males of 15 years 
and more was higher than the attack rate in females in the same age group and 
that the attack rate in children under 14 was low. This brief series suggests that 
exposure to the virus occurred at a time and place when the men were segregated 
from the women and children, namely, during the day and at work. The series 
is too small, however, to attempt to go beyond this in evaluating the epidemi- 
ology. A further note is indicated. Since the shift from no immunity to 18.9 per 
cent immunity occurred in only three weeks’ time, the total degree of shift before 
the epidemic was over was probably much greater. Virus was still being isolated 
on May 7 and it is reasonable to believe that other conversions would have 
occurred during the next three or more weeks. The fact that in the first three 
weeks as Many conversions or presumptive conversions took place as did, in 
itself indicates a markedly high attack rate. 

The identification of the virus from the Guama quarry epidemic as Mayaro 
and the demonstration of its close antigenic relationship to Semliki Forest virus 
from Africa are especially interesting because an earlier survey (Causey and 
Theiler, in preparation) showed a rather high incidence of neutralizing antibodies 
for Semliki virus in the Amazon region. As Casals and Whitman (1957) have 
presented evidence that these Semliki positive sera were more active against the 
Mayaro antigen than against the Semliki antigen in HI tests, it is reasonable to 
assume, for the moment, that all the Semliki positive sera represent an infection 
with Mayaro virus. The results of Semliki Forest antibody surveys made in 17 
localities (excluding the Guama quarry) are summarized in Table 4. Only the 
results on sera from adults are included because children were not examined in 
all localities. Moreover, among the 150 children sampled in 7 localities other 
than Guama, only one was found to have neutralizing antibodies for Semliki. 


TABLE 3 


Relation between the age and sex of donors and the incidence of infection 


Males Females 
Age of donor 


No. of sera No. positive % positive No. of sera No. positive % positive 


4-14 19 5.3 16 
15-50+ 41 > 29.3 15 


Total 60 ; 21.7 31 


* Two of these were virus donors, converting from negative to positive between May 7 
and June 26. 
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TABLE 4 
Results of neutralization tests with Semliki virus and sera from adults in the 
Amazon Valley 


Number persons Number persons Per cent persons 
examined positive positive 


Abaetettiba 36 f 13.9 

Agricultural Institute 51 15.7 

Altamira 24 0 

Belem 16 
Braganca Road 26 
Belterra 17 
Cameté 29 
Capim River 33 
Fordlandia 11 
Labrea 24 
Manaus 15 
Maraba 56 
Obidos 14 


— ase mm aa 


Santarem 19 
Castanhal Sawmill 22 
Tefé 22 


Oriboca Forest 136 


Total 551 


As shown in Table 4, the samples from many of the places surveyed are too 
small to warrant conclusions based on percentage calculation of positives. It 
seems probable, however, that Mayaro virus has passed in epidemic form in a 
number of widely scattered localities in the Amazon Valley. In other localities 
there is little evidence of its presence by the technique used. Among the total 
of 551 adults examined, 53, or 9.6 per cent, showed neutralizing antibodies for 
Semliki virus. 


SUMMARY 


Investigation of an epidemic of unknown etiology in a community of quarry 
and forest workers on the River Guama, 120 miles east of Belém, Brazil, resulted 
in the isolation of six strains of virus, subsequently shown to be Mayaro, from 
the blood of six patients. The common complaints were moderate and continuous 
fever and severe frontal headache of two to five days’ duration. There were no 
deaths. 

Sera collected from 50 persons on April 15 were found to have no neutralizing 
antibodies against Semliki virus, which is antigenically closely related to Mayaro 
virus. Seven, or 18.9 per cent, of 37 sera collected from these same persons three 
weeks later showed protective antibodies by the same technique. Samples ob- 
tained at this time from 37 persons not bled earlier revealed that 7, or 18.9 per 
cent, also had demonstrable antibodies. Two later conversions were demon- 
strated in second samples collected June 26. Six of the serum conversions were in 
persons from whom the virus strains were isolated by mouse inoculation. 
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Previous neutralization tests with Semliki virus and the sera from 551 adults 
in 17 localities throughout the Amazon Valley had shown protective antibodies 
in 53, or 9.6 per cent, of the persons examined. It now seems probable that these 


antibodies represent infections with Mayaro virus. 
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TURLOCK VIRUS: A PRESUMABLY NEW ARTHROPOD-BORNE 
VIRUS. ISOLATION AND IDENTIFICATION! 
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ANNA WIENER, ann EDMOND C. LOOMIS 


Viral and Rickettsial Disease Laboratory, and the Bureau of Vector Control, California State 
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Following the 1952 outbreak of arthropod-borne viral encephalitis in California 
(Longshore et al., 1956), studies were undertaken on the presence of Western 
equine and St. Louis encephalitis virus infections in mosquitoes. Attention was 
focused almost entirely on Culex tarsalis, which is generally regarded as the 
most important vector for the transmission of these two viruses in California. 
During the course of these studies, we have repeatedly recovered (Lennette, 
1955), in addition to the Western equine (WEE) and St. Louis encephalitis 
(SLE) viruses, a virus which we have not been able to relate to any of the com- 
mon, currently known mosquito-borne viruses with similar pathogenetic proper- 
ties. We are, therefore, inclined to regard this agent as a hitherto undescribed 
arthropod-borne virus and, for reasons which will be discussed below, have 
designated it as the Turlock virus. This communication describes its isolation 
and identification, and presents data on its occurrence in C. tarsalis. 


MATERIALS AND METHODS 


Collection of mosquitoes. Several areas were selected within the San Joaquin 
and Sacramento Valleys for the mosquito surveillance studies. A number of 
collection stations were established within each area and the stations were visited 
weekly to remove the captured mosquitoes. The predominant mosquito in the 
collections was C. tarsalis, since the studies were concerned primarily with this 
species and the collecting stations were accordingly located in areas representing 
the preferred habitat of this mosquito and thus conducive to its capture. The 
mosquitoes in each station collection were sorted according to species, and pools 
of 50 female C. tarsalis were prepared, deviations from this number occurring 
only at the beginning and end of the season, when the population densities were 
low, or in collecting areas where the prevalence of C. tarsalis was low. Each pool 
of mosquitoes was placed in a pyrex tube, which was then flame-sealed and stored 
on dry ice pending shipment to the laboratory. Specimens from all collecting 
stations within an area were held on dry ice in the area headquarters and ship- 
ments were made from the field headquarters to the laboratory once weekly. In 
the laboratory, the specimens were tested immediately on receipt or within a 
few days thereafter. 

Preparation of mosquito pools for animal inoculation. Each pool of mosquitoes 
was triturated individually in a mortar and suspended in a diluent which con- 
sisted of 30 per cent normal rabbit serum in phosphate-buffered saline solution, 


1 The work on which this paper is based was conducted as part of the California En- 
cephalitis Surveillance Program. 
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pH 7.4. (Only serum known to be free of antibodies to the WEE and SLE viruses 
was used; it was inactivated at 56°C. for 30 minutes prior to use. The buffered 
saline solution had the following composition: NaCl, 3.4 gm; KH»2PO,, 2.5 gm; 
NaezHPO,-12H.0, 28.2 gm; and distilled water to make 1,000 ml. Just before 
use, sufficient penicillin and streptomycin were added to the serum-saline to give 
a final concentration of 500 units of each per 1 ml.) This suspension was centri- 
fuged horizontally for 15-20 minutes at 2,500 rpm, the fluid portion was removed 
and recentrifuged in the cold in an angle rotor in the Spinco machine for 15-20 
minutes at 15,000 rpm.? The supernatant fluid was removed with care to avoid 
disturbing the sediment and the pellicle of fatty materials, which contains en- 
trapped contaminants. The fluid, which generally amounted to a little more 
than 3 ml in amount, was divided into two equal portions, one of which was 
placed into a sterile ampoule, flame-sealed and stored on dry ice, and the other 
used for animal inoculation. 

Animal inoculation. Of the 1.5 ml. of suspension reserved for animal inocula- 
tion, 0.4 ml. was set aside for inoculation of mice. Each mosquito pool suspension 
was inoculated into groups of 8 mice, 4-5 weeks of age; each animal received 
0.03 ml. intracerebrally. The animals were examined daily over a 14-day obser- 
vation period for evidence of infection. 

To the remainder of the suspension, 1.1 ml., was added 0.1 ml. of a saline 
solution of penicillin and streptomycin containing 10,000 units and 50,000 units 
respectively of these antibiotics per 1 ml. The treated suspension was inoculated 
in 0.1 ml. amounts into the amniotic cavity of 10-11 day old chick embryos. 
Eight eggs were used for each mosquito pool and the eggs were candled daily 
for 7-8 days for signs of infection. 

Hemagglutination and hemagglutination-inhibition tests. These tests were per- 
formed by Dr. Jordi Casals at the Rockefeller Foundation Virus Laboratories in 
New York City. The methods employed were those previously described (Casals 
and Brown, 1953, 1954; Clarke and Casals, 1955). 

Complement fixation tests. The complement fixation tests for viral identification 
purposes were also performed in the New York laboratory. The test procedure 
was that described by Casals (1947) using antigens prepared by acetone-ether 
extraction of infected mouse brains (Casals, 1949). The brains of suckling mice 
were used because of the higher antigen titers obtainable as compared with 
similar antigens prepared from adult mouse brains. 

Complement-fixation tests with human convalescent sera were done in the 
Berkeley laboratory, and were performed according to the technique described 
in recent publications (Schmidt and Lennette, 1955, 1956). The antigens were 
prepared by the freeze-thaw method of Casals (1947) from the brains of mice 
inoculated intracerebrally with Turlock virus at 1-4 days of age. 

Neutralization tests. The varying virus-constant serum method was used in 
preparing serum-virus mixtures, which were inoculated intraperitoneally into 
infant mice, or intracerebrally into adult mice. 

Freshly isolated strains of Turlock virus are pathogenic for chick embryos and 


? Beginning with the 1956 season, the preliminary horizontal centrifugation was omitted. 
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for baby mice, but not for adult mice (see below). Three representative Turlock 
virus strains were passaged in 1-3 day old mice by the combined intracerebral- 
intraperitoneal route in order to increase the infectivity titer. Third mouse brain 
passage virus was used in neutralization tests. Infected mouse brains were 
thoroughly ground in a mortar and made into a 20 per cent suspension in 10 per 
cent normal rabbit serum broth. (Penicillin and streptomycin were added to this 
suspension, just before use, to give final concentrations of 100 and 500 units per 
1 ml. respectively.) The suspension was centrifuged horizontally at 2,500 rpm 
for 20 minutes and the supernatant fluid was removed and used to prepare a 
series of decimal dilutions in 10 per cent norme’ rabbit serum broth. To 0.2 ml. 
amounts of the selected virus dilutions, was added 0.2 ml. of known specific im- 
mune serum. A similar series of serum-virus mixtures prepared with normal 
serum was included in each neutralization test. All sera were inactivated at 
56°C. for thirty minutes prior to use. The serum-virus mixtures were not incu- 
bated but were injected into the animals immediately after preparation. Each 
mixture was inoculated into a group of six mice, 1-3 days of age; each animal 
received 0.03 ml. intraperitoneally. 

Stock suspensions of viruses other than the Turlock virus were similarly pre- 
pared, using infant or adult mice according to the pathogenetic properties of the 
particular virus. Serum-virus mixtures were prepared as outlined above and, 
with the exception of the SLE and Sindbis viruses, were tested by intracerebral 
inoculation into adult mice, 4-5 weeks of age; the SLE and Sindbis serum-virus 
mixtures were tested by intraperitoneal inoculation into 1-3 day old mice. 

The results of the neutralization tests were expressed as neutralization indices, 
which represent the difference between the amount of virus neutralized in the 
presence of immune sera and the amount inactivated in the presence of nor- 
mal sera. The LD endpoints for this purpose were determined by the method 
of Reed and Muench (1938). 

RESULTS 

Although one of the major objectives of the mosquito surveillance studies was 
a determination of the seasonal prevalence of WEE and SLE virus infections 
in C. tarsalis, for which the chick embryo and the adult mouse are adequate test 
hosts, it was considered desirable, at the outset of the studies in 1953, to include 
the suckling mouse as a test animal because the greater susceptibility of the 
immature animal (Lennette and Koprowski, 1944; Lennette, 1946) conceivably 
might serve not only to increase the proportion of recoveries of WEE or of SLE 
virus, but also to reveal the presence of other viral agents in the mosquito. How- 
ever, infant mice often were not available or, when they were available, the 
numbers frequently were inadequate. Consequently, only adult mice and embry- 
onated eggs were employed in the course of all the surveillance studies performed 
over the last four years, viz., 1953 through 1956. 

In 1953, when the mosquito surveillance studies were initiated, 393 pools of 
C. tarsalis were tested, from which 80 agents were recovered. Of these 80 agents, 
47 proved to be SLE virus, 32 were identified as WEE virus, and one agent, 
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which was recovered in embryonated eggs but not in mice, could not be identi- 
fied from the limited series of identification experiments undertaken. 

In 1954, however, it was observed that a notable number of mosquito pool 
suspensions killed chick embryos, but not mice. While both the SLE virus and 
the WEE virus, and especially the latter, may on primary isolation kill chick 
embryos but not adult mice, there were some points of difference between the 
behavior of the agent causing many of the deaths and the behavior of these two 
viruses in these two test species. Thus, chick embryos succumbing to infection 
with the WEE virus generally did so within 24-48 hours after injection of the 
mosquito material, and showed a characteristic hemorrhagic appearance. In a 
number of instances, however, the mosquito inoculum proved lethal for the 
embryos from 2 to 6 days postinoculation and the embryos possessed a grossly 
hemorrhagic appearance, i.e., the interval between inoculation and death was 
closer to that observed with SLE virus than with WEE virus, although the 
embryos showed the gross tissue hemorrhages so frequently observed with the 
WEE virus. SLE virus strains on primary isolation, however, are more apt to 
produce lethal infections in the mouse than in the chick embryo and both this 
virus and the WEE virus, in the form of first passage chick embryo tissue, readily 
infect the adult mouse, whereas the lethal agent present in embryos dying 2-6 
days (usually 3-5 days) after inoculation with mosquito suspensions could be 
passaged in infant mice but not in mature mice. Finally, complement-fixing 
antigens prepared from the fluids and membranes (Lennette et al., 1956) of 
embryonated eggs infected with the agent failed to give fixation of complement 
in the presence of known WEE immune egera, and neutralization tests using 
mouse-line passages (1-3 day old mice) of the agent indicated that it was neither 
WEE nor SLE virus. 

During the 1954 surveillance season, 46 strains of an agent displaying the 
behavior just described above, and not identifiable as either WEE or SLE virus, 
were recovered. This appeared to represent a finding of possible epidemiologic 
or epizootiologic significance. Before any comprehensive studies could be under- 
taken on the natural history of the agent or agents recovered from C. tarsalis, 
it was necessary to determine whether a single agent or a multiplicity of agents 
was being dealt with. Consequently, three strains (630-3; 781-19; and 847-32) 
considered representative of the 1954 isolates were chosen and immune sera 
against each were prepared in hamsters. Cross-neutralization tests with these 
three passage strains and their corresponding immune sera were performed in 
baby mice by the intraperitoneal route (see Material and Methods), and the sera 
were found to exert essentially the same amount of neutralizing activity against 
the heterologous strains as against the homologous strain. The remaining 43 iso- 
lates were then tested against these immune sera (intracerebral neutralization 
test in infant mice*) and the results indicated that these isolates were identical 


The newly isolated strains had a very low pathogenicity for new-born mice by the 
intraperitoneal route, thus necessitating the use of the intracerebral route for neutraliza- 
tion tests. Three day old mice were used, and inoculated intracerebrally with 0.02 ml. of 
serum-virus mixture 





1028 §E.H.LENNETTE, M. I. OTA, F. Y. FUJIMOTO, A. WIENER, AND E. C. LOOMIS 


with, or indistinguishable from, the three strains against which the immune sera 
had been prepared. All the agents isolated from C. tarsalis, therefore, represented 
strains of a single virus which, as mentioned earlier, was designated the Turlock 
virus. 


IDENTIFICATION OF THE VIRUS 


Several approaches to the identification of the Turlock virus were used. These 
included neutralization tests, complement-fixation tests and hemagglutination 
and hemagglutination-inhibition tests. Since the Turlock virus was recovered 
from mosquitoes, the identification scheme included tests against some of the 
more commonly encountered arthropod-borne viruses in the United States and 
especially those known to occur in California, e.g., the California and blue- 
tongue viruses. Subsequently, the identification scheme included tests for addi- 
tional viruses, especially the exotic agents recovered from arthropods in Africa 
and South America. 

Neutralization tests. In the first identification tests, immune sera to a number 
of viruses were examined for their possible capacity to neutralize the Turlock 
virus. The neutralization tests were performed in 1-3 day old mice, using the 
intraperitoneal route for inoculation of the serum-virus mixtures. As is sum- 
marized in Table 1, the Turlock virus was neutralized by hamster immune sera 
to two Turlock virus strains, but was not neutralized by immune sera to the 
following viruses: blue tongue, California, Colorado tick fever, encephalomyo- 
carditis (Col-SK and Mengo strains), herpes simplex, Japanese B encephalitis, 
St. Louis encephalitis, Sindbis, trivittatus, Western equine encephalitis and 
Venezuelan equine encephalitis. 

Neutralization tests were also performed in the converse fashion—hamster sera 
known to contain antibodies to the Turlock virus were examined for their ability 
to neutralize a number of other viruses. As indicated in Table 1, the hamster 
immune serum used in the neutralization tests was shown to possess neutralizing 
antibody to the Turlock virus. The neutralization tests were performed by the 
intraperitoneal route in 1-3 day old mice. (Newly isolated strains have a very 
low infectivity titer for infant mice by the extraneural route—cf. footnote.’ 
After several passages, however, the extraneural pathogenicity is markedly in- 
creased, and permits use of the virus for intraperitoneal neutralization tests.) 
The Turlock virus immune serum, as shown in Table 1, possessed no demonstra- 
ble neutralizing capacity against the following viruses: Anopheles A, Anopheles 
B, blue tongue, California, Colorado tick fever, Eastern equine encephalitis, 
lymphocytic chorio-meningitis, mouse encephalomyelitis (GD-7 strain), St. 
Louis encephalitis, Sindbis and Western equine encephalitis. With the exception 
of the neutralization tests for the St. Louis encephalitis, blue tongue and Sindbis 
viruses, which were done in infant mice, neutralization tests with these viruses 
were done by the intracerebral route in adult mice. 

Complement-fixation tests. Complement-fixing antigens were prepared from a 
number of viruses and were tested by the checkerboard titration method against 
immune serum prepared to the Turlock virus. By the checkerboard titration 
method, in which falling dilutions of antigen are tested against falling dilutions 
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of immune serum, it is possible to detect the occurrence of specific fixation which 
may be missed by the less quantitative line test. 
Acetone-extracted mouse brain antigens were prepared against the following 
viruses: Turlock virus, strains 630-3 and 847-32; California; Marituba;* Oriboca ;* 
St. Louis encephalitis; Sindbis; Western equine encephalitis; and Wyeomyia. 
These antigens were tested in box titrations using hyperimmune mouse sera to 
Turlock virus, strain 781-19. Good fixation occurred in the Turlock virus and 
Turlock antiserum system; complement-fixing activity was still demonstrable 
at an antigen dilution of 1:32 and the serum endpoint titer was 1:32. In contrast, 
none of the other viral antigens fixed complement in the presence of Turlock 
virus immune serum (Table 1). 
Conversely, the Turlock virus was tested against mouse hyperimmune sera to 
a number of viruses. The Turlock virus antigen was employed in a line test in 
which two concentrations of antigen, viz., undiluted and diluted 1:8, were tested 
against falling twofold dilutions of hyperimmune serum covering the dilution 
range of 1:4 through 1:128. As indicated in Table 1, the Turlock virus antigen 
gave good fixation with its own specific immune serum but showed no demonstra- 
ble ability to fix complement in the presence of the following hyperimmune sera: 
Anopheles A, Bunyamwera, Bwamba, California, Colorado tick fever, Dengue 
(type 1 and type 2), Eastern equine encephalitis, Ilheus, Japanese B encepha- 
litis, mouse encephalomyelitis (GD-7 strain), Ntaya, Russian spring-summer 
encephalitis, St. Louis encephalitis, sandfly fever (Naples and Sicily strains), 
Semliki, Sindbis, Uganda 8., Western equine encephalitis, Venezuelan equine 
encephalitis, West Nile, Wyeomyia, yellow fever and Zika. 
Hemagglutination and hemagglutination-inhibition tests. The possibility that 
the Turlock virus may produce a hemagglutinin was investigated. Three strains, 
namely 630-3, 781-19, and 847-32, were used. The brains of newborn mice in- 
fected with these strains were removed and extracted with acetone and ether 
according to the methods referred to under Material and Methods. In the case 
of strains 630-3 and 781-19, acetone-ether extracts were also prepared from 
serum taken from mice on the fourth day after inoculation. 
The brain and the serum antigens were tested under a variety of conditions 
for their capacity to agglutinate erythrocytes from one-day old chicks: 
Strain 630-3. Temperatures used: 4°C., 22°C., and 37°C. pH range of reacting 
systems: 6.0, 6.4, and 6.8. 

Strain 781-19. Temperatures used: 4°C., 22°C., and 37°C. pH range of reacting 
systems: 6.1, 6.4, 6.6, 6.8, and 7.0. 

Strain 847-32. Temperatures used: 4°C., 22°C., and 37°C. pH range of reacting 
system: 7.0. 


Under the experimental conditions employed, all the tests were negative, i.e., 


there was no evidence that the Turlock virus possesses any capacity to agglu- 
tinate chick erythrocytes. 


Converse tests were also done in which a hyperimmune mouse serum repre- 


‘The Marituba and Oriboca viruses are new, hitherto undescribed arthropod-borne 
viruses recently isolated in Belem (Para), Brazil, by Dr. Ottis R. Causey of the Rocke- 
feller Foundation 
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TABLE 1 
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Summary of results of tests directed at identification and classification of Turlock virus 


Virus 


Name 


Type of antigen 


Turlock virus, strain 
847-32 


Active virus in 
dilu- 
tions for neu 
tralization 
test 


serial 


Turlock virus, strains 
630-3, 781-19, and 847-32: 
Anopheles A; Anopheles 
B; blue tongue; Califor- 
nia; Colorado tick fever; 
Eastern equine enceph- 
alitis; lymphocytic cho- 
riomeningitis; mouse 
encephalomyelitis (GD- 
7); Saint Louis enceph- 
alitis; Sindbis: and 
Western equine enceph- 
alitis 


Active virus in 
serial dilu- 


tralization 
tests 


Turlock virus, strains 
630-3 and 847-32: 
California; Marituba; 
Oriboca; Saint Louis 
encephalitis; Sindbis; 
Western equine enceph- 
alitis; and Wyeomyia 
Turlock virus, strain 
781-19 


Complement- 
fixing 


Complement- 
fixing 


Bunyamwera, Marituba, 
Mayaro, Oriboca, and 
Semliki 


Hemaggluti- 
nin 


tions for neu- | 


. Turlock viruses 


Results with immune sera 


Neutralization by hamster immune sera 
to Turlock viruses 630-3 and 781-19 


No neutralization by immune sera 
(hamster, rabbit, sheep, horse) to fol- 
lowing viruses: blue tongue, California, 
Colorado tick fever, encephalomyo 
carditis (Col-SK and Mengo) herpes 
simplex, Japanese B encephalitis, Saint 
Louis encephalitis, Sindbis, trivittatus, 
Western equine encephalitis and Vene 
zuelan equine encephalitis 
neutralized in 
neutralization tests with hamster im 
mune sera to the 3 strains 

No neutralization of these viruses 
hamster immune serum to Turlock 
virus, strain 847-32. (The California 
virus and the Sindbis virus were tested 
against immune sera to all 3 Turlock 
viruses ) 


cross- 


by 


. Good fixation of Turlock virus strains 


by hyperimmune mouse sera to Turlock 
virus, strain 781-19 

No fixation with these viruses, in box 
titrations, by hyperimmune mouse 
serum to Turlock virus, strain 781-19 


No fixation with mouse hyperimmune 
sera to the following viruses: Anopheles 
A, Bunyamwera, Bwamba, California, 
Colorado tick fever, Dengue (types 1 
and 2), Eastern equine encephalitis, 
Ilheus, Japanese B encephalitis, mouse 
encephalomyelitis (GD-7), Ntaya, Rus- 
sian spring-summer encephalitis, Saint 
Louis encephalitis, sandfly fever 
(Naples and Sicily strains), Semliki, 
Sindbis, Uganda 8S, Western equine 
encephalitis, Venezuelan equine en 
cephalitis, West Nile (Egypt strain), 
Wyeomyia, yellow fever, and Zika 
No inhibition of hemagglutination by 
mouse hyperimmune serum to Turlock 
virus, strain 781-19 
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senting strain 781-19 was tested for the presence of hemagglutination-inhibiting 
antibodies against hemagglutinins prepared from the Bunyamwera, Marituba, 
Mayaro, Oriboca and Semliki viruses. As is shown in Table 1, the hemaggluti- 
nating capacity of these viruses was not inhibited by the Turlock virus antiserum. 

Summary of identification attempts. The results thus far of the experimental 
work directed at the identification of the Turlock virus may be interpreted as 
follows: 

1. The Turlock virus is not identical with, nor does it seem to be related to, 
any of the viruses mentioned above, and listed in Table 1. 

2. It is not a member of immunologic group A, or immunologic group B, of 
the arthropod-borne viruses, as determined by hemagglutination-inhibition 
tests. 

3. The Turlock virus appears to represent a hitherto undescribed arthopod- 
borne virus. 


PREVALENCE OF TURLOCK VIRUS INFECTION IN CULEX TARSALIS 


As was mentioned earlier, only one strain of Turlock virus was recovered in 
1953 from the 393 pools of C. tarsalis tested. If the virus recovery rates encoun- 
tered during the succeeding three years, i.e., 1954-1956 can be considered as 
within the expected norm, then the isolation of a single strain in 1953 represents 
an anomalous situation, and one difficult to explain. It is not impossible, of course, 
that as experience accumulated, increasing familiarity was acquired with the 
minimal pathogenic effects exerted on the chick embryo by the Turlock virus 
and so led to an increasingly greater recognition of the activity and the presence 
of this virus in this host. It seems highly doubtful, however, that the marked 
disparity between the 1953 experience and that of the succeeding years, in terms 
of the number of strains of virus recovered, can be attributed primarily or largely 
to this factor. 

As is shown in Table 2, 46 strains of Turlock virus were recovered in 1954 


TABLE 2 
Prevalence of infection with Turlock virus in Culex tarsalis during 3 year observation period 
California, Central Valley, 1954-1956 
Number 
Number of of 


mosquitoes | strains 
isolated May June July August Sept. Oct. 


Number Ratio, by month, of virus isolations to mosquito pools tested 


of pools 


tested 


989 40,413 } 0/106 203* | 23/176T 4 /222* 4/166 | 0/116 
A% 3.1% 8% 2.4% 

946 34,21; 0/113 2/175 182 3/159 | 1/100 

1% 5.5% .6 1.9% | 1.0% 

850 28 086 2 167 3/205 j 4/144 | 0/63 
.6% 5.38% 1% 2.8% 


Totals 2,78: 102,712 345 3 / BAL 46/563 11/469 | 1/279 
8.2% 3.4% 2.38% | 0.4% 


* One pool contained mixture of SLE and Turlock viruses. 
t Two pools contained mixture of SLE and Turlock viruses. 
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from the 989 pools of C. tarsalis examined. This gives a recovery rate of 4.7 
per cent for that year. In 1955, 26 strains were recovered from 946 pools, a 
recovery rate of 2.7 per cent, and in 1956, 24 strains were recovered from 850 


pools, a recovery rate of 2.8 per cent. The mean recovery rate for the three years 


was 3.4 per cent, based on the recovery of 96 strains of virus from 2,785 pools 
of C. tarsalis. It is of interest, however, that the recoveries of Turlock virus. 
both numerically and percentage-wise, were almost twice as great in 1954 as 
in either 1955 or 1956. 

Examination of Table 2 shows that in 1954 the largest number and greatest 
proportion of virus recoveries occurred during the months of June and July. 
Thus, no isolations were made during May, but 15 strains were isolated in June 
and 23 in July, giving recovery rates of 7.4 per cent and 13.1 per cent respec- 
tively. The number of isolations dropped sharply in August and September, 
and no virus was encountered in the mosquitoes during October. The 1954 season 
differed from the 1955 and 1956 seasons in that Turlock virus infections of C. 
tarsalis occurred much sooner and reached a higher incidence in 1954 than in the 
other two years. Thus, the infection rate was only 1.1 per cent and 0.6 per cent 
in June 1955 and June 1956, respectively, as compared to 7.4 per cent for June 
1954, and reached its maximal levels during July or July and August, whereas 
in 1954 the infection rate was decreasing by August. One item of interest in 
Table 2 which might be mentioned parenthetically at this point is the presence 
of two viruses in the same mosquito pool. In 1954 one mosquito pool in June, 
two in July and one in August yielded both St. Louis and Turlock viruses. Simi- 
larly, in 1955 one mosquito pool representing specimens captured during August 
yielded a mixture of St. Louis and Turlock viruses. It is not known whether the 
mixture of the two viruses in these pools is attributable to the presence in the 
pools of mosquitoes with dual infections, or to the presence in the pools 
of some mosquitoes which are infected with Turlock virus and some which 
are infected with SLE virus. In 1956, no mosquito pools were encountered which 
contained both viruses. Insofar as the meager data go, there appears to be a 
suggestive parallelism between the SLE and Turlock viruses with respect to 
their time of appearance in the mosquito population, subsequent spread through 
that population and eventual disappearance. This raises the interesting question 
as to whether the apparent absence of mosquito pools containing both viruses 
may not have been due to the relative absence of SLE virus in the mosquito 
population during 1956. Thus, during 1954, when four pools containing both 
viruses were encountered, a total of 87 strains of SLE virus was isolated, in- 
cluding four strains from the mixtures. In 1955, when only one pool containing 
both viruses was encountered, a total of 14 strains of SLE virus was isolated, 
including the strain in the mixture. In 1956, however, when no mixtures were 
encountered, only two strains of SLE virus were recovered from the 850 pools 
of mosquitoes collected over the 24 weeks of the season. 
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NATURAL HISTORY OF TURLOCK VIRUS 

No planned investigation of the natural history of the Turlock virus has as 
yet been undertaken, and hence very little is known of the role of this agent in 
the causation of human or animal disease. Dr. Harald N. Johnson (unpublished 
data), working in this laboratory on arthropod-borne virus diseases, has isolated 
Turlock virus from the pooled bloods of chicks used as sentinels in the Bakers- 
field, California, area in July 1955. He has also isolated this virus from a house 
finch collected in August 1955 near Bakersfield. These findings indicate that 
birds are susceptible to infection with the Turlock virus and Johnson’s recovery 
of this virus from a naturally-infected finch represents the first isolation of the 
virus from wild birds. 

As has been mentioned elsewhere (Lennette and Longshore, 1951), the etiology 
of a large proportion of cases of encephalitis in California remains undetermined 
despite the application of viral diagnostic tests. In another communication 
(Lennette, 1955) the possible existence of a correlation between the Turlock 
virus infection rate in mosquitoes and the occurrence of human encephalitis 
of undetermined origin was speculated upon. There appears to exist a rough 
parallelism between these two factors and it was thought that evidence for or 
against the existence of such relationship might be obtained by examining the 
sera from patients with encephalitis of unknown etiology for evidence that anti- 
bodies to the Turlock virus had appeared or increased in titer during the course 
of the individual’s illness. Sera were available on a large number of individuals 
who had suffered from illnesses clinically considered to be encephalitic in nature 
and shown by viral serologic tests not to be due to the viruses of Western equine 
or St. Louis encephalitis, herpes simplex or mumps. Most of these individuals 
had experienced illness during the 1952 encephalitis outbreak and the remainder 
during the 1954 episode. Although paired or multiple serum specimens were 
available on these patients, only the convalescent-phase sera were examined 
and these were screened for the presence of antibodies to the Turlock virus. 

Since active infection with a virus generally gives rise to specific complement- 
fixing antibody, the presence of complement-fixing antibody to the Turlock 
virus was looked for first. Seventy-one convalescent sera were screened in a 
1:8 dilution against a 1:2 dilution of Turlock virus antigen of known potency. 
Six sera were highly anticomplementary and so not amenable to further testing. 
The remaining 65 sera all failed to fix complement in the presence of the Turlock 
virus antigen. On the possibility that patients infected with the Turlock virus 
fail to respond to infection by the early development of complement-fixing 
antibody but do respond with formation of neutralizing antibody, convalescent- 
phase sera from 81 patients (including the 71 individuals on whom the comple- 
ment fixation test had also been done) were examined. The sera were tested 
undiluted against approximately 10 LDso of virus by the intraperitoneal neutrali- 

5 These investigations are under the Cooperative Encephalitis Study, conducted jointly 
by the Viral and Rickettsial Disease Laboratory, California State Department of Public 
Health, and the Rockefeller Foundation Virus Laboratories. 
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zation test in 1-3 day old mice. None of the 81 sera examined was found capable 
of neutralizing even this small amount of virus. 

These studies, admittedly limited, gave no indication that the Turlock virus 
plays any role in the causation of human encephalitis. They suggest, moreover 
that infection with this agent appears, at the least, to be uncommon. 


DISCUSSION AND SUMMARY 


The agent described in this paper is considered to be a newly-recognized 
arthropod-borne virus. Infection with this virus seems to be fairly prevalent in 
C’. tarsalis in California, the recovery rate of the virus being approximately 3 
per cent of all the pools tested. Infection is not restricted to C. tarsalis, however, 
since three strains were recovered in 1956 from Culex stigmatosoma. With respect 
to C. tarsalis, evidence of infection in this species appears during June or early 
July, the infection rate becomes maximal during July and thereafter diminishes, 
to fall to non-demonstrable levels by October. 

It appears probable that the Turlock virus has been present in the Central 
Valley of California for some time but was not detected until the chick embryo 
was employed routinely for testing field materials. Since the adult mouse has 
been almost uniformly employed for the examination of arthropod specimens 
in epidemiologic studies on the viral encephalitides, agents such as the Turlock 
virus, which have very little if any pathogenicity for the adult mouse, would be 
missed.* Following the identification of the 46 agents isolated from C. tarsalis 
in 1954 as strains of a single agent, the immune sera prepared against these 
strains were used in the identification of two agents which had been isolated in 
previous years but had remained unidentified. One virus had been isolated from 
a pool of C. tarsalis captured in Kern County in 1953, and a second had been 
isolated from a pool of C. tarsalis collected at Turlock (Stanislaus County), 
California on July 9, 1947. Both isolates were found to be identical with the 
16 agents isolated from C. tarsalis in 1954. The 1947 virus, identified retrospec- 
tively eight years after its isolation, was used as a basis for naming the new 
virus; since the mosquitoes which yielded the 1947 strain had been captured at 
Turlock, the new agent was named after this area. 

The role of the Turlock virus, if any, in the causation of human or animal 
disease has yet to be determined. Information thus far acquired, and based on 
limited material, suggests that human infection with the agent is not common. 
Likewise, no evidence was obtained that this virus is etiologically involved in 
the human encephalitides. 


ACKNOWLEDGMENT 


The hemagglutination and complement fixation tests concerned with identifi- 
cation of the new agent were performed by Dr. Jordi Casals of the Rockefeller 


6 Of the 99 strains of Turlock virus isolated thus far from both C. tarsalis and C. stig 
matosoma, 96 were isolated only in embryonated eggs. Three strains showed some patho 
genicity for adult mice, and were isolated in both chick embryos and mice. 





TURLOCK VIRUS 1035 


Foundation Virus Laboratories, New York, and we wish to express our indebted- 


ness to him for this very generous assistance. 


REFERENCES 

Casas, J., 1947. Complement fixation test for diagnosis of human viral encephalitides, 
J. Immunol. 86: 337-341 

Casas, J., 1949. Acetone-ether extracted antigens for complement fixation with certain 
neurotropic viruses, Proc. Soc. Exp. Biol. and Med. 70: 339-343 

Casas, J., aND Brown, L. V., 1953. Hemagglutination with certain arthropod-borne 
viruses, Proc. Soc. Exp. Biol. and Med. 88: 170-173 

Casas J., AnD Brown, L. V., 1954. Hemagglutination with arthropod-borne viruses, J 
Exp. Med. 99: 429-449 

CuarkKe, D. H., anp Casaus, J., 1955. Improved methods for hemagglutination studies 
with arthropod-borne viruses, Proc. Soc. Exp. Biol. and Med. 88: 96-99 

LENNETTE, E. H., 1946. Isolation of St Louis encephalitis virus from a fatal human case 
in California, Proc. Soc. Exp. Biol. and Med. 61: 206-210 

LENNETTE, E. H., 1955. Etiologic aspects of the infectious encephalitides, Proceedings 
and Papers of the California Mosquito Control Association, 23rd Annual Conference, 
and the 11th Annual Meeting of the American Mosquito Control Association. Issued 
Dec. 7, 1955 

LENNETTE, E. H., anp Koprowsk1, H., 1944. Influence of age on the susceptibility of mice 
to infection with certain neurotropic viruses, J. Immunol. 40: 175-191 

LENNETTE, E. H., anp LoNGsuore, W. A., 1951. Western equine and St. Louis encephalitis 
in man, California, 1945-1950, California Med. 75: 189-195 

LENNETTE, E. H., Wrener, A., Ora, M. I., Fustmoro, F. Y., anp Horrman, M. N., 1956 
tapid identification of isolates of Western equine encephalomyelitis virus by the 
complement fixation technique, Am. J. Hyg. 64: 270-275 

LONGsHORE, W. A., Jr., Stevens, I. M., Houuister, A. C., Jr., GirreutsHon, A., AND 
LennettTe, E. H., 1956. Epidemiologic observations on acute infectious encephalitis 
in California, with special reference to the 1952 outbreak, Am. J. Hyg. 68: 69-86 

Reep, L. J., anp Muencn, H., 1938. A simple method of estimating fifty per cent end 
points, Am. J. Hyg. 27: 493-497 

Scumipt, N. J., aNnp LeNNeETTE, E. H., 1955. A complement fixation test for poliomye 
litis, J. Exp. Med. 102: 133-150 

Scumipt, N. J., anp Lennetrte, E. H., 1956. Modification of the homotypic specificity of 
poliomyelitis complement-fixing antigens by heat, J. Exp. Med. 104: 99-120 





TURLOCK VIRUS: A DESCRIPTION OF SOME OF ITS PROPERTIES! 
EDWIN H. LENNETTE, MARGARET I. OTA, anp MARJORIE N. HOFFMAN 


Viral and Rickettsial Disease Laboratory, California State Department of 
Public Health, Berkeley 


In a previous communication from this laboratory (Lennette ei al., 1957), 
the isolation of the Turlock virus, and its identification as a newly recognized 
arthropod-borne virus, was described. The purpose of this report is to present 
nformation obtained thus far on some of the properties of this agent. 


SUSCEPTIBILITY OF LABORATORY ANIMALS 


The Turlock virus was recovered during the course of field studies concerned 
with the prevalence of Western equine and St. Louis encephalitis virus infections 
in Culex tarsalis. The adult Swiss mouse and the embryonated hen’s egg were 
used as the test hosts, and an agent pathogenic for the chick embryo, but not 
for the mouse, was recovered from about 3 per cent of the mosquito pools tested 
over a three-year period. This agent was subsequently named the Turlock virus. 
On isolation, the virus was essentially non-pathogenic for adult mice (4-5 weeks 
of age) even on intracerebral inoculation; with respect to the very young suckling 
mouse (1-4 days of age), the agent was not remarkably pathogenic by the in- 
traperitoneal route but was highly pathogenic by the intracerebral route. Ti- 
tration of materials for infectivity, consequently, was performed in infant mice 
by the intracerebral route and adaptation of the virus to the mouse was per- 
formed by intracerebral passage of the agent. 

Viral suspensions used in the work described in this paper were prepared as 
follows. Suckling mice of 1-4 days of age were inoculated intracerebrally with 
approximately 100 LDso of mouse-line passage virus. When the animals were 
moribund, the brains were removed and ground into a 10 per cent suspension 
in 10 per cent normal rabbit serum broth. This suspension was centrifuged 
horizontally at 2,500 rpm for 20 minutes, and the supernatant fluid was re- 
moved, distributed into soft glass ampoules which were then flame-sealed, and 
stored on dry ice. Materials to be titrated for viral content were prepared in 
the same manner. 

Infectivity titrations were performed by preparing serial ten-fold dilutions 
of the processed material in 10 per cent normal rabbit serum broth and inocu- 
lating aliquots intracerebrally into 1-2 day old mice. Six suckling mice were 
generally used for each virus dilution and each animal received 0.02 ml. of 
inoculum. The brains of other test species used in the experiments to be described 
here were processed in a similar manner and were sub-inoculated into suckling 
mice to ascertain the presence of virus. Chick embryo materials was prepared 
in a manner identical with that described above for mouse brain material and 
titrated in embryonated eggs for viral content. 

1 The work on which this paper is based was conducted as part of the California En- 
cephalitis Surveillance Program. 
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Neutralization tests for antibody assay were performed in infant mice. A 20 
per cent suspension of mouse brain virus was prepared as outlined above and 
stored in flame-sealed ampoules on dry ice until needed. The varying virus-con- 
stant serum method was employed. Serial ten-fold dilutions of the 20 per cent 
stock virus suspension were prepared in 10 per cent normal rabbit serum broth. 
To 0.2 ml. amounts of virus dilution was added 0.2 ml. of undiluted serum under 
test. (All sera were heated at 56°C. for thirty minutes prior to use.) The serum- 
virus mixtures were inoculated, immediately after preparation, intraperitoneally 
into mice of 1-3 days of age. Six mice were used for each mixture and each animal 
received 0.03 ml. The test animals were kept under observation for fourteen 
days. 


CHICK EMBRYOS 


The virus is highly pathogenic for the chick embryo. Intra-amniotic inocu- 
lation of 10-11 day old chick embryos with mosquito pool suspensions containing 
the naturally-occurring virus leads to the death of the embryos within 2-6 
days (usually 3-5 days). Such embryos usually show a generalized congestion 
and petechial hemorrhages of the skin and the membranes, a gross picture 
similar to that seen in embryos succumbing to infection with the Western equine 
encephalitis virus. With continued passage, the incubation period is shortened 
to 2-3 days. 

In the earlier work with the virus, two types of material were passaged, viz., 
chick embryo body (without the beak, eyes or feet) or a pool of brain and viscera. 
The former material was used in the case of embryos which succumbed shortly 
after inoculation with infected mosquito pools, and the latter material was 
used when the embryo succumbed four, or five, or six days after inoculation 
with mosquito suspensions. However, in order to determine which tissues possess 
the highest virus content, chick embryos were inoculated with two different 
strains of the virus and the tissues were quantitated for infectivity. Strains 
781-19 and 847-32, both at the second passage level, were inoculated into two 
sets of 11-day old embryonated eggs. Each set consisted of eight eggs and each 
egg was inoculated with 0.1 ml. of a 20 per cent chick embryo suspension. The 
eggs were incubated at 35°C. and on the second and third post-inoculation days, 
when the embryos were moribund or dead, the eggs were opened and the embryo, 
the membranes and the fluids were removed. The material from each set of 
embryos was pooled by tissue, namely, embryo body, embryo brain, amniotic 
membrane, chorio-allantoic membrane, amniotic fluid and allantoic fluid. The 
amniotic and allantoic fluids were considered as undiluted material. The tissues 
were triturated to give a 10 per cent suspension in 10 per cent normal rabbit 
serum broth. The suspensions were centrifuged horizontally at 2,500 rpm for 
thirty minutes and the supernatant fluids were removed for titration. The egg 
fluids and the tissue suspensions were used to prepare serial ten-fold dilution 
in 10 per cent normal rabbit serum broth. Each dilution was inoculated into 6-day 
old embryonated eggs by the yolk sac route; six eggs were used for each dilution 
and each egg received 0.2 ml. The results of the titration are shown in Table 1. 
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TABLE 1 
Distribution and titer of Turlock virus in embryonated hen’s eggs inoculated by the yolk sac 


roule 


LDse titer of 


Virus strain 


Embryo brain Amniotic Chorioallantoic Amniotic A - a) 


membrane membrane fluid* 


MP 781-19 =5.4f 


5 N.D.t 
MP 847-32 6.4 5 


5.8 


~ 
‘ 
- 
‘ 


* Native fluid regarded as undiluted tissue, i.e., 
t Reciprocal of the negative logarithm. 
t N.D. = not done 


TABLE 2 
Influence of age on the susceptibility of mice to infection with Turlock virus by the intracerebral 
route 


Mortality ratio of mice inoculated with virus diluted 
10-¢ 10 


day 
days 
9 days 
14 days 
Is days /6 9/6 6 
22 days /6 6 
26 days /6 6/6 6 
30 days 1/6 /6 4/6 


* Numerator = number of mice that died; denominator = number of mice inocu 
t Reciprocal of the negative logarithm. 


With the exception of the allantoic fluid, all parts of the egg appeared to contain 
high concentrations of virus, with the highest concentrations being found in 
the embryo brain and the membranes. (As can be seen by comparison with Table 
2, the infectivity of these tissues was similar to that of the brain of suckling mice 
inoculated intracerebrally with the virus.) 


MICE 


Attempts to establish mouse-line passage strains of the virus early in the course 
of this work revealed that the agent on cerebral inoculation was lethal for albino 
Swiss mice of 1-3 days of age, but almost not at all for mice of 4-5 weeks of age. 
It was found, however, that after only a few intracerebral passages in the suckling 
mouse, the virus acquired pathogenicity for the suckling mouse by extraneural 
routes; it also acquired the ability to produce lethal infections in adult mice 
inoculated by the cerebral route, although relatively high concentrations of 
virus were required. 

Inquiries were made into the influence of age on the susceptibility of mice to 
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infection with the Turlock virus by the intracerebral and by the extraneural 
(intraperitoneal) routes. A 10 per cent suspension of virus in 10 per cent normal 
rabbit serum broth was prepared as outlined above; strain 847-32 at the E1-M3 
(third mouse passage of first egg passage material) passage level was used. 
Serial ten-fold dilutions of the stock virus suspension were prepared in 10 per 
cent normal rabbit serum broth and inoculated into mice of various ages, ranging 
from one day to 30 days. Each virus dilution was inoculated into a group of six 
mice, the inoculum in all cases consisting of 0.02 ml. regardless of whether the 
intracerebral or the intraperitoneal route was used. The results of the experi- 
ments are shown in Tables 2 and 3. 

As is shown in Table 2, mice up to nine days of age were highly and uniformly 
susceptible to cerebral inoculation of the virus. From the practical standpoint, 
however, mice up to approximately fourteen days of age, and perhaps even up 
to eighteen days of age, can be employed for many purposes of quantitation, 
although there is a suggestion that a break in susceptibility occurs in the vicinity 
of the eighteenth post-natal day. The susceptibility of mice 22 or more days of 
age appears to vary appreciably as is illustrated by the irregularity in the mor- 
tality ratios at the lower end of the infectivity ranges. 

Data on the susceptibility of the immature animal to extraneural (intraperi- 
toneal) inoculation of virus are summated in Table 3. Mice appear to be uni- 
formly susceptible to intraperitoneal inoculation up to approximately fourteen 
days of age. The LD; endpoint of the virus in two week old mice, however, was 
lower than that in the younger mice and by the eighteenth day of age, a marked 
reduction of susceptibility to extraneural inoculation was evidenced. By four 
weeks of age, the mice were virtually completely resistant to intraperitoneal 
inoculation of the virus, only an occasional animal inoculated with the highest 
concentration of virus succumbing to infection. 


TABLE 3 
Influence of age on the susceptibility of mice to infection with Turlock virus by the intraperi 
toneal route 


Mortality ratio of mice inoculated with virus diluted LDae ti 
Age of mice p so tite r of 
virus 


l day 

4 days 

9 days 

14 days 

18 days 
22 days 2/6| 3/6| 3/6 5 ; 5| 0 
26 days ‘ ) } 6 0/6 0/6 <1.{ 


30 days ) 0/6 | 0/6 <1.0 


Numerator = number of mice that died; denominator = number of mice inoculated 
Reciprocal of the negative logarithm. 
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OTHER ANIMALS 


Several additional laboratory animal species were tested for their susceptibility 
to infection with the Turlock virus. The baby chick, the hamster, the guinea 
pig, and the rabbit were inoculated with a 10 per cent suspension of third mouse 
brain passage of strain 847-32; the results are presented in Table 4. 

Of eight chicks one day of age inoculated intracerebrally with 0.03 ml. of viral 
suspension, two were found dead on the sixth postinoculation day. Since neither 
of the chicks had shown any symptoms on the preceding day, the brains were 
harvested and inoculated into unweaned mice of 1-3 days of age. The inoculated 


animals developed paralyses and died between the fourth and sixth post-inocula- 


tion days. The six surviving chicks were bled on the fourteenth post-inoculation 
day and the pooled sera were found to have a high level of neutralizing antibody— 
the neutralization index was 3.0 or greater. 

A group of eight chicks one day of age was inoculated by the subcutaneous 
route, each bird receiving 0.2 ml. of the 10 per cent virus suspension. Six of the 
eight animals died between the fourth and tenth days after inoculation without 


TABLE 4 
Susceptibility of common vertebrate species to infection with Turlock virus 


Test animal Inoculation* “ae ee Neutralizing antibody titer at 
VU »€ 


animals Results 


Age or Amt., inoc 


weight al 2 weeks 3 weeks 3 months 


Species Route 


Neutralization index 
Chick 0.03 | i.e. 8 (2 died,t 6 sur- |23.0 
vived (pooled 
sera) 
Chick lay 2 Cc. 8 (6died,t{ 4-10 |22.9 
days; 2 sur- (pooled 
vived sera 
Hamster 2-6 days i.c. : Paralysis, 
deatht 
Hamster (6 weeks i.c. Survived with-| 23.0 >4.0 
out symp- (pooled (pooled 
toms sera) sera) 
Guinea 400 gm Za i.c. died 13th Ind. sera |Ind. sera 
pig day; non- had had 
specific, as titers titers 
virus not re- from of 24.0 
covered 22.5 to 
from brain =3.0 
Rabbit —2. § i. Survived with- d. sera \Ind. sera 
out symp- had had 
toms titers titers of 
from >4.0 
>2.7 to 


23.0 


* 10 per cent infected brain (infant mice) suspension. 
+ Virus recovered from brains of dead animals. 
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having shown any obvious symptoms prior to death. Sub-inoculation into mice 
of the brains of the dead chicks led to recovery of the virus. The two surviving 
chicks were bled on the fourteenth post-inoculation day and the pooled sera 
were found to have a neutralization index of 2.9 or greater. 

A group of 29 hamsters, ranging in age from 2 to 6 days, was inoculated 
intracerebrally with 0.03 ml. of 10 per cent virus suspension. All the animals 
were ataxic, paralyzed or moribund by the fourth day after inoculation. The 
specific nature of the deaths was shown by the fact that a lethal agent was pres- 
ent in the pooled brains of one litter of animals and that the agent was neutralized 
by hamster immune serum to the Turlock virus. 

A group of 14 hamsters, 6 weeks of age, was inoculated intracerebrally with 
0.1 ml. of virus. The animals survived without symptoms for at least 80 days, 
at which time they were bled. The pooled sera obtained at this time had a neu- 
tralization index of 4.0 or greater although, as indicated in Table 4, antibody 
was present in high concentration in the pooled sera obtained two weeks after 
inoculation. 

Guinea pigs were also tested. Eight animals of approximately 400 grams in 
weight were inoculated intracerebrally with 0.2 ml. of 10 per cent virus suspen- 
sion. One animal died on the 13th day but subinoculation of the brain into 1-2 
day old mice by the intracerebral route gave no evidence that death was due 
to the virus. The remaining animals survived and were bled on the 77th post- 
inoculation day. As shown in Table 4, the sera of the individual animals had 
virus-neutralizing indices of 2.5 or greater at three weeks after inoculation, 
and high antibody levels were still present at three months after inoculation. 


Seven rabbits of 2—2.5 kilograms in weight were inoculated intracerebrally 


with 0.5 ml. of virus suspension and all survived without symptoms. The animals 
were bled at three weeks and at three months after inoculation and the individual 
sera were examined for neutralizing antibody content. High neutralizing anti- 
body levels were present on both occasions; the neutralization index at three 
weeks was 2.7 or greater, and at three months it was 4.0 or greater. In another 
experiment, two rabbits were inoculated intracerebrally with 0.1 ml. of a 10 
per cent virus suspension and four hamsters of 4—6 weeks of age were similarly 
inoculated intracerebrally with 0.1 ml. of the same material. The inoculated 
animals were bled 24 and 48 hours after inoculation and the blood specimens 
were sub-inoculated intracerebrally into 1-2 day old mice to determine whether 
circulating virus was present. Neither the 24 nor the 48 hour blood specimens 
from the rabbits were found to contain demonstrable amounts of virus. In the 
case of the hamsters, the 24 hour blood specimen contained virus, the 48 hour 
blood specimen did not. 

From these experiments, the very young suckling hamster, like the infant 
mouse, appears to be highly and uniformly susceptible to the Turlock virus 
and thus provides another useful source of virus for experimental work in which 
the tissue bearing the virus plays a role, e.g., in the preparation of complement- 
fixing antigens and in the preparation of immune sera for use in complement- 
fixation tests. The 1-day old chick, unlike the chick embryo, possesses an ap- 





1042 E. H. LENNETTE, M. I. OTA, AND M. N. HOFFMAN 


preciable degree of resistance to the virus. However, it may be used, as may 
the guinea pig, the rabbit and the mature hamster, for the preparation of specific 
immune sera with a high content of neutralizing antibody. 


TISSUE CULTURE 
The propagation of the virus in tissue culture systems will be reported in 
detail in a separate communication from this laboratory. The virus can be propa- 
gated in chick embryo tissues, in which it produces a cytopathogenic effect, and 
primary isolations of the virus have been made in chick embryo tissue culture 
systems inoculated with mosquito pool suspensions. 


COMPLEMENT-FIXING ANTIGENS 


Virus-containing tissues were examined for their ability to fix complement 
in the presence of specific immune sera. Chick embryos of 10-11 days of age 
were inoculated into the amniotic cavity with 0.1 ml. of a 20 per cent suspension 
of Turlock virus. The embryos were generally moribund or dead on the second 
post-inoculation day, at which time the amniotic membranes and the amniotic 
fluids were harvested and used to prepare the antigen. The pooled membranes 
were thoroughly ground in a mortar with alundum and suspended in the pooled 
amniotic fluid in the proportion of 1.0 ml. of fluid to one membrane. The suspen- 
sion was centrifuged at 2,500 rpm for 15 minutes to sediment gross particulates. 
The supernatant fluid was removed, spun at 10,000 rpm for 30 minutes in the 
Spinco machine, and the resultant clear fluid which constituted the antigen was 
carefully removed from the pellet and stored at 4°C. 

Antigens were also prepared from the brains of chick embryos inoculated as 
above. The brains were harvested from dead or moribund embryos and ground 
to a 20 per cent suspension in phosphate-buffered saline, pH 7.2. The suspension 


TABLE 5 
Comparison of complement-fizing activity of antigens prepared from various tissues infected 
with Turlock virus 


Results of block titration 
ol antigen 
Antigen Virus passage Immune serum 
number level used 


Antigen prepared from — . 

Antigen end- 

point (equal 
1 unit) 


Serum 
endpoint 


Chick embryo brain E-10 Hamste1 <1: 
E-10 Guinea pig <i 
K-10 Guinea pig Rs 
Amniotic membranes E-10 Guinea pig <E3 
E-10 Guinea pig 

E£-10 Hamster 
Mouse brain (infant E1-M8 Guinea pig 
I 
I 
I 


a Ce ee ee 


mouse 51-M8 Guinea pig 
»1-M8 Hamster 
11-M12 Hamster 


=1-M20 Hamster 


~~ & DO bo 


1] 


Antigens prepared from strain 847-32 
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was stored in a refrigerator at 4°C. overnight and then centrifuged horizontally 
at 2,000 rpm for 20 minutes. The supernatant fluid was removed and subjected 
to 5-8 cycles of freezing and thawing in a mixture of dry ice and methyl cellu- 
solve. On completion of the freezing and thawing, the material was centrifuged 
at 10,000 rpm for one hour in a Spinco machine and the supernatant fluid was 
removed for use as the antigen. 

Attempts to obtain a complement-fixing antigen from the chick embryo ma- 
terial were essentially negative. As is indicated in Table 5, antigens prepared 
from the chick embryo brains possessed, on the whole, no demonstrable activity, 
even when used undiluted. Occasionally, minimal levels of fixation were en- 
countered, i.e., undiluted antigen would just give fixation with the highest 
concentration of serum used (a 1:8 dilution). Essentially similar results were 
obtained with the use of amniotic membrane suspension as antigens. An occa- 
sional antigen, as in the case of the chick embryo brain antigens, gave a minimal 
level of fixation. Thus, as is shown in Table 5, antigens 4 and 5 possessed no 
demonstrable activity but antigen 6 possessed a just demonstrable amount of 
activity, a 1:2 dilution of the antigen fixing with a 1:8 dilution of specific immune 
serum. 


The experiments with the chick embryo tissues indicated that a complement- 
fixing antigen is associated with the virus; the level of complement-fixing activity 
of the preparations, however, was too low for any practical applications and it 
was considered possible that infected mouse brain might serve as a somewhat 
better source of antigen. Mice of 1-4 days of age were inoculated intracerebrally 


with approximately 100 LDs. of virus. When the majority of the animals were 
moribund, the brains were harvested and triturated with alundum to give a 
20 per cent suspension in phosphate-buffered saline pH 7.2. This suspension 
was held at 4°C. overnight and then processed by the same method as that 
used for the chick embryo brain antigen. As is shown in Table 5, reasonably 
active antigens could be obtained from the infected brains of unweaned mice. 
While the antigens were not as potent as might be desired, inasmuch as the best 
preparations had a titer of only 1:4 (i.e., the 1:4 dilution was equivalent to one 
unit) they did exhibit a comparatively satisfactory sensitivity since serum end- 
points of 1:64 and even 1:128 could be obtained. Antigens of this type have been 
used for the examination of sera from patients with clinical encephalitis and the 
results thus far have been negative (Lennette et al., 1957). 

No studies specifically directed at the nature and properties of the comple- 
ment-fixing moiety have thus far been undertaken. It is not known, therefore, 
whether the complement-fixing activity associated with Turlock virus prepara- 
tions is referable to a soluble antigen or to the viral particle itself. Should com- 
plement-fixing activity be associated to any large degree with the viral particle, 
it is not impossible that the prolonged high speed centrifugation may have led 
to some loss of antigenic potency; as suggested by the ultrafiltration experiments 
to be described in the next section, the virus possesses a comparatively large 
particle size and an undesirably large proportion might have been removed 
from the antigen preparations by the rotational fields of force to which the 
virus suspensions were exposed over the time indicated. 
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TABLE 6 
Determination of particle size of Turlock virus by filtration through collodion membranes 


: ; APD* of membranes in millimicrons 
Experiment LDso titer 


number of virus 
74 100 160 200 220 240 280 


0/11t | 0/12 0/11 
3/12 
0/11 

0/12 2; 0/12 

0/8 


aon 


Totals 0/11 0/12 | 0/11 | 3/46 | 6/43 | 0/20 | 31/32 | 20/20 


Membranes obtained from A. Gallenkamp & Co., Ltd., London, England. 
* APD = average pore diameter. 
+ Mortality ratio (dead/total number inoculated) in mice inoculated with filtrate. 


SIZE OF THE VIRUS 


Several qualitative ultrafiltration experiments were done to obtain an estimate 
of the viral particle size. In each of the several experiments, the virus prepa- 
ration used was a 1 X 10~ dilution of strain 847-32 at the third mouse passage 
level. All viral suspensions were made in nutrient broth, processed as indicated 
under Material and Methods, and diluted in nutrient broth to the desired con- 
centration. A series of collodion membranes ranging in average pore diameter 
from 74 millimicrons to 340 millimicrons was used.? Fifteen ml. of virus dilution 
was placed in each filter and filtration was continued under pressure until ap- 
proximately 14 ml. of filtrate was recovered. Filtration was conducted with 
nitrogen gas under five pounds pressure, with the exception of the 74-millimicron 
membrane, through which filtration was effected under ten pounds pressure. 
Immediately after termination of each experiment, each filtrate was inoculated 
intracerebrally in 0.02 ml. amounts into groups of twelve mice one day of age. 
In each experiment, the stock virus from which the master 1 X 10~* dilution 
was prepared was titrated in order to be sure that adequate amounts of virus 
were used in the filtration experiments. The results of several experiments are 
shown in Table 6. As will be noted in Table 6, the results of the filtration ex- 
periments were rather consistent with the exception of Experiment 2, in which 
the findings are incompatible with those of the other four experiments. On the 
basis of the filtration data in Table 6, and on the assumption that the results 
of Experiment 2 apparently reflected experimental error (inadequate techniques 
or defective membranes, or both) and so are of doubtful validity, the virus was 
retained by membranes with an APD of 240 millimicrons or greater, but less 
than 280 millimicrons. Correction of the filtration endpoints as required by the 
Elford (1933) formula suggests a virus particle size in the neighborhood of 120 
to 180 millimicrons. According to Gard (1955), the filtration endpoint cannot 


2 The membranes were purchased from A. Gallenkamp and Company, Ltd., London 
England. 
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he used for calculation of the true particle size; however, since the endpoint is a 
fairly reproducible characteristic, it is of value in the characterization and 
identification of viruses. 

We think it desirable to mention at this point that the ultrafiltration experi- 
ments described here were qualitative and orientative in nature, and additional 
experiments are necessary to delineate more precisely the particle size of the virus. 
We believe this is especially indicated in view of the suggestive evidence of a 
comparatively large particle size, a size appreciably greater than that of the 
measured agents in the arthropod-borne virus group. Methods other than ultra- 
filtration, e.g., electron microscopy, should be brought to bear in the determi- 
nation of the particle size of the Turlock virus. 


DISCUSSION AND SUMMARY 


The observations presented in this report were concerned with the nature 
and properties of the Turlock virus. The virus is highly pathogenic for the chick 
embryo, less so for the one day old chick. The suckling mouse, especially under 
nine days of age, is highly susceptible to extraneural inoculation of the virus 
whereas the adult mouse is highly resistant; animals of one month of age are so 
resistant that only an occasional individual succumbs to intraperitoneal inocula- 
tion of even maximum quantities of virus. 

On isolation, the virus is virtually non-pathogenic for the adult mouse, at 
least for the strain of albino Swiss mouse employed in this work. However, 
virus recovered in the embryonated egg and passaged several times in the un- 
weaned mouse, acquires the ability to produce fatal infections in older animals. 
Increasing age, however, appears to confer a certain amount of resistance to 
cerebral inoculation of the virus, as evidenced by the irregular mortality ratios 
encountered in animals of three weeks or more of age. Consequently, although 
intracerebral passage of the virus may be done in four- or five-week-old mice, 
experimental work in animals of this age cannot be conducted with any degree 
of accuracy. 

The guinea pig and the rabbit appear to be resistant to infection with the 
Turlock virus, bit respond to inoculation by producing relatively high levels 
of neutralizing antibody. The adult hamster is also resistant, whereas the im- 
mature hamster of several days of age is highly susceptible and succumbs to 
infection. 

Preliminary work indicates that a complement-fixing antigen is present in 
tissues infected with the Turlock virus. The concentration in chick embryo tissues 
such as the brain or the amniotic membrane appears to be very low, since anti- 
genic activity is barely demonstrable. Antigen prepared from unweaned-mouse 
brain, however, is considerably more potent and possesses a high degree of 
sensitivity. Whether the complement-fixing activity is referable to a so-called 
soluble antigen, or is attributable to the viral particle itself, remains to be ascer- 
tained. 


The Turlock virus apparently does not belong to either immunologic group 
A or group B of the arthropod-borne virus group (Lennette et al., 1957). Although 
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the Turlock virus is arthropod-borne, it seems further to differ from agents 
of this group by its large size, i.e., the ultrafiltration endpoint range of the virus 
was found qualitatively to be 240-280 millimicrons, which according to the 


Elford formula indicates a particle size in the range 120 millimicrons to 180 
millimicrons. Because the ultrafiltration data presented here would place the 
Turlock virus amongst the “medium-sized” animal viruses, it is suggested that 
the particle-size estimates be checked by other methods of determining particle 


size. 
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ATTEMPTED LABORATORY INFECTION OF BIRD MITES WITH 
THE VIRUS OF ST. LOUIS ENCEPHALITIS 
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Communicable Disease Center, Public Health Service, P. O. Box 61, Montgomery, Alabama 


Mites which parasitize birds have been suspected of being reservoirs of St. 
Louis encephalitis (SLE), principally upon extensive studies by Smith and 
associates. These workers isolated SLE virus from common chicken mites, 
Dermanyssus gallinae, collected near St. Louis (1944), and later showed that 
this mite species could be infected in the laboratory and could pass virus through 
its eggs to subsequent generations (1945, 1946). After further investigation, they 
reported transmission of virus to chickens bitten by these mites and infection of 
normal mites (1947) and mosquitoes (1948) from the chickens. Field isolations 
of SLE and other encephalitis viruses from bird mites by other investigators 
(Reeves et al., 1955; 1947; Hammon et al., 1948; Howitt et al., 1948; Miles et al., 
1951; Sulkin, 1945; Sulkin and Izumi, 1947) tended to substantiate the results 
of Smith and coworkers, and gave rise to the theory that mites were also reser- 
voirs of Eastern (EEE) and Western equine encephalitis (WEE). 

In spite of this evidence, however, recent studies have cast doubt on the 
general importance of mites as reservoirs of these three viruses (Reeves et al., 
1955; Chamberlain and Sikes, 1955; Sulkin et al., 1955). Isolations of virus from 
mites in the field were obtained in a very small percentage of the total bird nests 


examined, and attempts at laboratory infection and transmission were unpro- 


ductive. Since the laboratory infections with SLE in these latter studies were 
for the most part under simulated ‘“‘natural’’ conditions, however, with concen- 
trations of virus ingested by the mites undetermined (Reeves ef al., 1955), it was 
considered worthwhile to conduct further, more quantitatively controlled in- 
vestigations with that virus. 


MATERIALS AND METHODS 


Mites. The mites used were reared from wild specimens of Dermanyssus gallinae 
and Ornithonyssus bursa collected near Montgomery, Alabama, and Ornithonyssus 
sylviarum collected at Auburn, Alabama, in June 1955. The methods of rearing 
and handling were the same as previously reported (Chamberlain and Sikes, 
1950, 1955). The temperature of incubation was 80°-85° F. and the relative 
humidity 60-75 per cent. 

Virus. The strain of St. Louis virus used was BFS-968, originally isolated from 
Culex tarsalis mosquitoes in California by Dr. W. C. Reeves, University of 
California School of Public Health. It had been given two mouse brain passages. 

Chickens. Previous work (Chamberlain and Sudia, to be published) had shown 
14-day-old chicks inoculated with SLE virus subcutaneously were as susceptible 
to infection as 3-week-old mice inoculated intracerebrally. Although the chicks 
showed no symptoms, they developed high viremias which lasted for several 
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days. On the basis of these findings, }4-day-old chicks of the New Hampshire 
red breed were used in the present studies. For infecting mites, chicks were in- 
oculated subcutaneously with 1,000 mouse intracerebral LDso units of virus and 
used to feed the mites 48 hours later when their viremias were at the highest 
level. Blood samples before and after mite feedings were titrated so that the 
concentrations of virus at the time of feeding could be closely approximated. 


Normal chicks were used as hosts in attempted transmissions by mite bite. 


Experimental procedure. The procedure followed was similar to that used 
previously (Chamberlain and Sikes, 1955). Large numbers of normal mites were 
released upon one or two infected chicks in a moated glass jar and allowed to feed 
overnight. Engorged mites were then aspirated and transferred to a clean rearing 
chamber and maintained as a colony. Pools of specimens were withdrawn peri- 
odically, ground in 1 ml. of antibiotic-treated 30 per cent horse serum each, and 
inoculated intracerebrally in 0.03 ml. amounts into five to ten 3-week-old CF W 
mice. Infected pools were titrated. Three normal 4-day-old chicks were placed 
in each mite rearing chamber each week. They were bled at 48, 72, and 96 hours, 
if they survived that long, and then the brains and hearts harvested. Each of 
these samples was inoculated intracerebrally into mice to test for infection. In 
the case of the chicks in the O. sylviarum experiment, brains and hearts were not 
usually obtainable, as the carcasses of the dead chicks, covered with eggs and 
immature mites, had to be left in the chamber until new chicks were introduced 
to prevent depletion of the colony. 

This experimental procedure was believed to give the mites optimum oppor- 
tunity for infection and for transmission. Also, it served as a test for transovarian 
passage of virus since the experiments were carried out over a long enough period 
to allow development of several mite generations in each colony. 


EXPERIMENTAL 


Dermanyssus gallinae. Experiment 1. Approximately 7,000 mites, half of which 
were adults and half in immature stages, were given opportunity to feed upon 
two infected chicks over a 20-hour period. The titers of virus in the blood of 
one chick at the beginning and end of the feeding period were 10°* and 105? 
respectively, and in the other chick 10** and 10*-°. About 5,000 of the mites en- 
gorged. Most of the fed specimens were used to start an “infected” colony, but 
350 engorged females were held in two tubes for the production of eggs and to 
obtain excrement to test for virus. 

The results of virus tests on over 16,000 mites in 40 pools (daily for the first 
9 days and then twice weekly until the 55th day) are shown in Table 1. No virus 
could be recovered from the mites beyond the day of the infected blood meal, nor 
was any isolated from the excrement of 350 adult female mites tested on the 
6th day, or from 1,250 protonymphs produced by these females, tested 8 days 
after the infected meal. No virus was detected in the blood, brains, and hearts 
of 21 chicks which had been exposed 1 to 3 days each to the feeding of the entire 
“infected” mite colony. 

Experiment 2. Several hundred adult mites were fed upon a chick which had 
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TABLE 1 


SLE virus in Dermanyssus gallinae at various periods after feeding upon infected chicks 


No Mite gen Virus isol. No V a 1SO 
Incu mites erations mice Incu- j|mites| Stage of | Mite generations lated 
bation in repre dead/in bation in mites represented i adit 

pool sented oculated pool Geeey/s 
oculated 


(O 
(0 
(0 
(0 
(0 
(0 
(0 
(0 
(0 
(0 
(0 
(0 
(0 
(0 


2 hr adult original 2/6) \19 days | 100) adult original 
2 hr adult original (2/6) 22 days | 100) adult original 
hr adult original (2/6) 26 days | 100) adult original - 
hr adult original 29 days | 100} adult original 
day 2 ladult original 5) 33 days | 100) adult original 
day 2 jadult original |- 5) 136 days | 100) adult original 
days 2 jadult original 5) 40 days | 100) adult original 
days 2 iadult original | - } days | 100) adult original 
days 2 ‘adult original ) $ days | 200) adult original 
days 10 \adult original |— (0/6) days | 200) adult original 
days 20 jadult original >) 54 days |1000! mixed*) original 
days 25 jadult original )) 54 days |1000| mixed | original 
) days 25 ‘adult original (0/6) \54 days |1000) mixed | original 
7 days 50 \adult original 3) |54 days |1000) mixed | original 
+ 1 
days | 350 jadult original 1/6 days |1000) mixed | original 
+ ] 
days 50 jadult original (0/6) days |1000| mixed | original 
al. l 
days 50 |proto first - 3) 154 days |2000| mixed | original 
nymph 
days ! proto first }) |55 days |1000) mixed | original 
nymph 
days 50 adult original 3) |55 days |2000) mixed | original + (0 
+ ] 
5 days 50 ‘adult original |— (0/6) |55 days |2000! mixed | original + 7 (0 


+ 2 


on oo Ww hy 


ao oo 


os oe a me 


* Mixed stages consisted of about 60 per cent adults, 40 per cent protonymphs and 
deutonymphs 


circulating virus in its blood in a titer of 10** to 10°. Pools of the mites were 
tested for virus for the first 6 days and again on the 19th day. A pool of 300 
protonymphs, hatching from eggs laid as a result of the initial meal, was tested 
on the 6th day. No transmissions were attempted. 

Two suspensions of 10 mites each tested 1 hour after the infected blood meal 
both titered 10'-°. Suspensions of two similar mite pools tested one day after the 
infected meal titered 10°-* and 10'5, respectively. No virus was detected in a 
pool of 50 mites after two days of incubation, nor in pools of 100 mites after 
4, 5, 6, and 19 days of incubation. The pool of protonymphs was also virus 
negative. 

Ornithonyssus bursa. Approximately 15,000 mites, about 90 per cent adults 
and 10 per cent protonymphs, were given opportunity to feed overnight upon 
two infected chicks. The blood virus titers before and after the feeding period 
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a 


were 10°? and 105 for one chick, and 10*-* and 10*-5 for the other. In all, about 
6,000 specimens engorged and were transferred to a clean rearing chamber. The 
procedures for sampling for virus and attempting transmissions were similar to 
those used in the D. gallinae experiments, except that none of the females were 
segregated to obtain eggs or excrement for tésting following the virus meal. 
Protonymphs which developed from eggs laid following the first normal blood 
meal were collected later from the chamber and tested. 

Table 2 gives the results of the mite testing through 51 days of incubation. 
No virus could be detected in the mites after the first day following the infected 
meal. No transmissions were apparent in 21 chicks tested. 

Ornithonyssus sylviarum. About 10,000 mites, half adults and half proto- 
nymphs, were given opportunity to feed on two infected chicks. The range of 
titers of virus in the blood of the chicks before and after the feeding period were 
10** to 10*-* in one chick, and 10*-* to 10** in the other. Approximately 5,000 


TABLE 2 


SLE virus in Ornithonyssus bursa at various periods after feeding upon infected chicks 


Incubation 


days 
} 


aays 


days 


* Produced from eggs laid following the first normal blood meal ingested on 


No 
mites 
in 
pool 


l 
1 
] 
5 
3 


« 


—_— 
nor or or to 


o 


to to & ty 


1000 


100 


100 


100 


Stage of 
mites 


adult 
adult 
adult 
adult 
adult 
adult 
adult 
adult 
adult 
adult 
adult 


adult 
adult 
adult 
proto- 
nymph 
adults 


adults 


adults 


after the infected meal. 
+ Mixed stages consisted of about 75 per cent adults and 25 per cent protonymphs 


Mite 
generations 
represented 


original 
original 
original 
original 
original 
original 
original 
original 
original 
original 
original 
+ 1 
original 
+ 1 
original 
+ 1 
original 
+ | 
first* 


original 

+2 
original 
9 


original 
+ 3 


Virus 


isol. (mice}) 
d 


ead/in- 


i 
i] 


oculated) | 


+ (2/5) 
+ (2/5) 
(0/5) 
+ (4/6) 
(0/6) 
(4/6) 
(0/6) 
(0/6) 
(0/6) 
(0/6) 
(0/6) 


aad 


(0/6) 


(0/6) 


(0/6) 


(0/6) 


(0/6) 


(0/6) 


— (0/6) 


los days 
|28 days 
|32 days 
35 days 
40 days 
43 days 
46 
50 
50 
50 
50 


days 
days 
days 
days 
days 


50 


50 


days 
days 
50 days 
days 


days 


days 


Incubation 


No. 
mites 
in 


pool 


100) 
100) 


100 


200 
200 
200 


1000) 


1000 
1000 
1000 
1000 
1000 
2000 
1000 


1000 


1000 


Stage of 
mites 


adults 
adults 
adults 
adults 
adults 
adults 
adults 
mixedt 
mixed 
mixed 
mixed 


mixed 
mixed 
mixed 
mixed 
mixed 


mixed 


Mite generations 
represented 


original 
original 
original 
original 
original 
original 
original 
original 
original 
original 
original 


original 
original 
original 
original 
original 


original 


++++++4+4+4+4++ 


Virus 
isol. (mice 
dead/in 
oculated) 


— (0/6) 
— (0/6) 
— (0/6) 
— (0/6) 
— (0/6) 
— (0/6) 
— (0/6) 
— (0/6) 
— (0/6) 
— (0/6) 
— (0/6) 


(0/6) 


6) 


the 4th day 
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TABLE 3 
SLE virus in Ornithonyssus sylviarum at various periods after feeding upon infected chicks 
No Mite Virus No. Virus 
Incu mites Stage of - isol. (mice |'1, ubation| Mites} Stage of Mite generations |isol. (mice/ 
1/in een in mites represented dead /in- 


bation in mites wens! aon 
oculated pool oculated) 


epresented 
pool — 


2 hrs adult _ original - (0/3 }days | 20) proto- first (0/6) 
nymphs 
? hrs adult original - 5) |12 days | 30) adult original 


(0/6) 
- (0/6) 
(0/6) 
(0/6) 
(0/6) 
(0/6) 
(0/6) 


hrs adult original 5) 15 days | 75) adult original 
hrs 2 | adult original t 3) 19 days | 100) adult original 
day adult original 5) 22 days | 100) adult original 
day 


9 


bo 


adult original 26 days | 100) adult original 
day adult original 29 days | 100) adult original 
adult original - 34 days | 100) adult original 
adult original 37 days | 100) adult original (0/6) 
adult original 40 days | 100) adult original — (0/6) 
adult original (0/6) |47 days |1500| mixed* | original + 6 |— (0/6) 
adult original (0/5) |47 days |1000) mixed* | original 5 |— (0/6) 
adult original (0/6) 147 days 1000) mixedf | original > |— (0/6) 


Ww bt bho 


days 


~I 


days 


(ore S DW SW DO 


ws) 


days 


~ 
or bo 
o 


days 


days 


days 


bat het 
oS 


adult original (0/5) |47 days |1000| mixedt | original > |— (0/6) 
days adult = joriginal (0/6) |47 days |1000| mixedft | original + 6 |— (0/6) 
proto- first (0/6) 47 days |1000| mixedf | original + 6 |— (0/6) 
nymphs 

) days adult original (0/5) |48 days |2000) mixedf | original + — (0/6) 


days 


noc mt & GW Ww bo 


& 
S 


days 


* 16 adults, 4 protonymphs. 
t 4 adults, 24 protonymphs. 
t\ adults, 4 protonymphs. 


mites fed and were transferred to a clean rearing chamber. The results of testing 
pools of the mites over a 48-day incubation period are given in table 3. No virus 
was isolated from the mites past the day of the infected feeding. No evidence of 
virus transmission by their bite was obtained in 20 chicks tested. 


DISCUSSION 


In spite of the relatively high titers of the virus circulating in the blood of the 
chicks serving as the infection source, and of the large numbers of mites involved 
in the studies, no detectable infections were produced in the mites and no trans- 
missions to chicks by their bites could be demonstrated. The concentrations of 
virus ingested were up to 1,000 times higher than adequate for 100 per cent 
infection of susceptible mosquitoes such as Culex quinquefasciatus, C. pipiens 
and C. tarsalis (Chamberlain and Sudia, to be published). Even allowing for the 
much smaller volume of blood ingested by the mites (0.1 to 0.01 that of a mos- 
quito), these virus concentrations should have been adequate for infecting the 
mites if they were of the same degree of susceptibility as the mosquitoes. 

The methods used for virus detection (3-week-old mice inoculated intra- 
cerebrally) were possibly less sensitive than those used by Smith and coworkers 
(1947, 1948). They have indicated that many of the positive results from their 
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studies have been dependent upon blind-passaging of test material on the 
chorioallantoic membranes of embryonated eggs. In this manner they were able 
to demonstrate SLE virus in the bloods of chickens fed upon by infected mites, 
although the amounts of virus were too small to cause infections in mice. They 
further demonstrated that these minimal amounts of virus were infectious to 
mites and mosquitoes ingesting them, provided similar sensitive tests were used 
to determine these infections. 

In view of the clear-cut results obtainable in mosquito transmission studies 
with conventional techniques, however, and the known properties of SLE virus, 
it appears unlikely that blind-passage testing would be required to reveal levels 
of virus of significance in the infection-transmission cycle. The results of Smith 
et al. suggest that SLE virus consists of biphasic components, one an arthropod 
and bird infecting phase not detectable in mice, the other a phase infectious for 
mice. Perhaps further studies on virus properties may clarify this point. 

The present studies failed to reveal virus, detectable in mice, persisting in bird 
mites for more than a day beyond ingestion of the infected blood. No mouse- 
detectable viremias were obtained in chicks following mass feedings by exposed 
mites. While it is possible that the mites could react differently to other strains 
of SLE virus, the results obtained with the strain used in these experiments sug- 
gest that they do not play a significant part in the transmission of active infec- 
tions to their hosts. 


SUMMARY 


Laboratory studies were conducted in attempts to infect three common species 


of bird mites, Dermanyssus gallinae, Ornithonyssus bursa and O. sylviarum, with 
the virus of St. Louis encephalitis and to transmit infection by the bite of these 
mites to newly hatched chickens. The virus tests were performed in three-week- 
old white Swiss mice, inoculated intracerebrally. Detectable virus persisted less 
than 2 days in the mites, and no transmissions by bite were shown. These nega- 
tive results support those previously reported by Reeves et al. (1955) and indicate 
a lack of importance of bird mites in transmission of active St. Louis encephalitis 
infection. 
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LEPTOSPIROSIS OF MAN IN THE ISTHMUS OF PANAMA 
PRELIMINARY SEROLOGICAL AND EPIDEMIOLOGICAL STUDIES 
CARLOS CALERO M.,' KARL R. REINHARD,.? anp CORA R. OWEN? 


Clinica Raymond, Panama, R de P., and Rocky Mountain Laboratory, U.S. Public Health 
Service, Hamilton, Montana 


The leptospiroses form a complex of diseases caused by a variety of serotypes 
of the genus Leptospira. In clinical form these diseases vary from the highly 
malignant icterohemoglobinuric Weil’s disease, with a mortality rate as high as 
30 per cent, to benign aseptic meningitis or influenza-like syndromes. More than 
30 serotypes of Leptospira are known to be pathogenic for man and animals 
(Army Medical Service Graduate School, 1952.) 

The leptospiroses are of world-wide distribution, occurring both in temperate 
and tropical areas. Although a large number of cases occur annually in man and 
animals in temperate regions, the areas of greatest endemicity are in subtropical 
and tropical climes. In these latter areas, too, a greater number of pathogenic 
types of leptospires are found. 

Leptospirosis has been reported in both Costa Rica (Pefia-Chavarria et al., 
1947) and Ecuador (Noguchi, 1919), countries near to Panama. Since the ab- 
sence of reported cases in Panama was believed due to lack of investigation, a 
study has been undertaken to demonstrate the presence of the disease, its clinical 
forms, its epidemiology, and the most probable serotypic etiology. This paper 
reports the results of such a study of 670 human subjects. Investigations cur- 
rently under way will include additional human subjects as well as various species 
of animal reservoirs of the disease. 


MATERIALS AND METHODS 


Sera obtained from public health laboratories and obstetric clinics in Panama 
City were sent to the Rocky Mountain Laboratory by air mail. Initial lots of 
sera were sent unpreserved and frequently reached the testing laboratory 
heavily contaminated with bacteria, making the test difficult to perform. Subse- 
quently it was found that the addition of an equal part of glycerine, USP, to 
each serum sample afforded effective preservation without interference with the 
test. Penicillin-streptomycin preservation (500 units or mcgm. per ml.) was 
tried, but with considerably less success. 

The serological procedure used was an agglutination-lysis test which had been 
extensively employed and standardized in testing several thousand sera from 
natural and experimental cases of leptospirosis (Reinhard, 1953). In this tech- 


' Clinica Raymond, Calle Ricardo Arias 2, Panamdé, R. de P. 

2? Formerly Communicable Disease Center, PHS, on cooperative project at Rocky 
Mountain Laboratory, Hamilton, Montana. Now at the Arctic Health Research Center, 
P. O. Box 960, Anchorage, Alaska. 

* Rocky Mountain Laboratory, Public Health Service, Hamilton, Montana. 


1054 





LEPTOSPIROSIS OF MAN IN THE ISTHMUS OF PANAMA 1055 


nique, Kahn tubes are used to prepare the antigen-antibody mixtures, and the 
tests are incubated overnight (16 to 18 hours) at 20° C. Furthermore, the serum 
dilution intervals are ten-fold, prepared by careful pipette transfers. The test as 
performed was highly specific as to serotype, sensitive but not hypersensitive, 
and clear-cut in reading. The serotype specificity followed the cross reaction pat- 
terns established by Wolff (1954). 

Antigens for the test consisted of live cultures of Leptospira incubated seven 
to ten days at 30° C. The culture medium was the one described by Chang 
(1947) but without added hemoglobin, and enriched with 10 per cent bovine 
serum rather than horse serum. Cultures which had large numbers of degenerate 
forms or many clumps of autoagglutinated leptospires were not used as antigens. 
The antigens were adjusted in density to afford maximum reliable sensitivity 
according to Borg-Petersen (1949) by addition of culture medium without en- 
richment. Leptospire density was checked by direct microscopic count with 
standard amounts of culture. Ten serotypes of Leptospira were employed in the 
study; L. icterohaemorrhagiae, L. canicola, L. pomona, L. hebdomadis, L. grippo- 
typhosa, L. bataviae, L. autumnalis, L. ballum, L. australis A and L. australis B. 
These were selected because they seemed the most likely species to be found, ac- 
cording to previous experience, in the Western Hemisphere (Army Med. Service 
Grad. School, 1952). 

The sera were first ‘“‘screen-tested” at 1:10 dilution. Those sera reacting par- 
tially or completely with any one leptospiral serotype in the screen test were re- 
tested and titered, using serum dilutions of 1:10, 1:100, 1:1,000, 1: 10,000. 

In screening and titration tests, both agglutination and lysis were taken as in- 
dications of specific antigen-antibody reaction. These phenomena are well 
described by Van Thiel (1948) and Wolff (1954). In our experience, end titer was 
always read in agglutination, with lysis occurring only in the greater serum con- 
centrations (1:10 or 1:100) of the serums possessing a high antibody titer. Since 
only one serum sample was obtained from each person studied, we could not gain 
an indication of current infection by demonstrating a rise in titer. However, 
previous experience with experimentally infected animals and with people in 
whom chronology of infection was established indicated that a titer of 1: 10,000 
in the test employed was indicative of relatively recent infection, possibly within 
six months. Lower titers indicated more remote infection. Sera with titers less 
than 1:100 were not admitted to the study due to the chance of a nonspecific reac- 
tion.4 


SEROLOGICAL DATA AND INTERPRETATIONS 


Of the 670 sera tested, 131 (19.5%) had antibody titers of 1:100 or greater 
against one or more of the antigens employed, indicating both a high prevalence 
of leptospirosis among the population of Panama and the probable presence of 


‘This conservative interpretation was made because of the preliminary and explora- 
tory nature of the work. The test used was not inherently nonspecific at 1:10 serum dilu- 
tions. A larger proportion of the sera would have yielded positive reactions for Leptospira 
if the 1:10 dilution results had been admitted to the study. 
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at least 10 recognized serotypes of leptospires or serologically related types. These 
indications are consistent with the facts known about the incidence of lepto- 
spirosis and the ecology of leptospiral serotypes in other tropical countries. 

Analysis of the data indicated that in at least 14 instances the individual may 
have experienced infection with two serotypes of Leptospira (Table 1). In four 
individuals, three leptospiral serotypes may have been involved in past infections 
(Table 1) although cross reactions with unknown serotypes may have yielded 
these results. In a few cases, multiple titers may have been due to the heterologous 
serological reaction sometimes found in the disease. 

The number of individual serological reactions obtained with each antigen 
serotype employed in the test, was as follows: L. hebdomadis, 34; L. bataviae, 27; 
L. canicola, 26; L. autumalis, 19; L. icterohaemorrhagiae, 16; L. pomona, 13; 
L. grippotyphosa, 11; L. ballum, 9; L. australis A, 7; L. australis B, 1. These fig- 
ures, at this stage of the study, cannot be taken as reliable indications of the rela- 
tive incidence of infections due to the various leptospiral serotypes. The eventual 
definition of the serotypic spectrum of human infections in Panama will require 
more extensive work, particularly cultural recovery of leptospires from infected 
individuals, coupled with antigenic analysis of the isolates. Similarly, the data 


TABLE 1 
Types of multiple reactions found with individual sera 


Leptospiral serotypes 


L. hebdo- | L. grippo- | L. -| L. aus- L. aus- 
midis typhosa L. ictero nalt tralis A | tralis B 


L.bataviae | L.canicola| L. pomona 
104 102 - . - 

10? 10 - 
10? . - 
103 — 


10? 


10? 

10? 
10? — — 
- 10? 


10 

. 103 
103 ine 
10? 
10? - 


— = no reaction. 
= titer 1:100. 
= titer 1:1000. 
= titer 1:10,000 
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TABLE 2 
Number of individuals with serum antibodies against leptospiral serotypes in relation to 
Province of origin 


L. bata- |L. cani-| L. po- F L . | L. aus- | L. aus- 


. L. t- ’ . 
Province : - - tralis tralis 
riae cola mona 


Panama 2: f 10 
Chiriqui : 6 
Veraguas 3 ; 10 
Colén : 0 
Coclé 

Los Santos 

Herrera 

Darién 


on geographic distribution of the people from whom the sera were derived (Table 
2) are of great interest but do not constitute a definitive ecological study in view 
of the preliminary nature of this work. 


SYMPTOMATOLOGY 


Thirty-one individuals with positive agglutination tests were questioned and 
thirteen had no specific recollection of previous illness. Eighteen persons had 
been ill during the previous two years, some of them with an undiagnosed illness. 

One of these patients had been hospitalized in Santo Thomas Hospital. The 
clinical record shows that he had fever for six days, of remittent type, with eve- 
ning elevations. He also had anorexia, asthenia, headache, backache and rigidity. 
The Babinski and tendinocutaneous reflexes were normal. The laboratory report 
was as follows: red blood cells 3,750,000; white blood cells 5,950; 76% neutro- 
philes, 20 % lymphocytes, 2 % eosinophiles, and 2% monocytes; hemoglobin 83 %. 
The thick malaria smear was negative. Blood sugar was 77 mg. per 100 ml; 
blood, Kahn negative. Spinal fluid: 3 lymphocytes per field; Kahn negative; 
colloidal gold test 000000000. Urine: albumin 2 plus; sugar, negative; sp. gr. 
1018; cultures negative. Feces: eggs of A. lumbricoides. 

The other 17 patients gave a history of irregular fever, remittent or inter- 
mittent, with chills or chilly sensations daily and anorexia. Six patients were 
nauseated ; seven vomited. Sixteen patients complained of headache, six of muscle 
pains, and twelve had polyarthralgia. Three patients had photophobia and con- 
junctival injection. None of the patients had a second bout of fever, icterus, 
petechiae or oliguria. It was impossible to determine if there had been hepa- 
tomegaly or splenomegaly. 

In eight of the patients the diagnosis was malaria but was not confirmed by 
blood smear. In five patients the diagnosis was fever of undetermined etiology. 
In the remaining five patients the diagnosis was influenza. 
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EPIDEMIOLOGY 


Since a large number of the sera used were obtained from obstetric clinics, the 
survey represents a disproportionate number of females. However, as shown in 
Table 3, the proportion of positive serological reactions was essentially the same 
in both sexes. When analyzed in reference to age (Table 4), a significantly higher 
number with serum antibodies against Leptospira was found in the younger age 
groups, and especially in the 21 to 30-year-old group. This may not be due actu- 
ally to greater infection in the young adults over that of older people. It is a well 
known fact that the level of serum antibodies decreases over a period of years. 
Therefore, some of the older people included in the survey may well have experi- 
enced leptospirosis in their youth, but may not have had residual serum anti- 
bodies titering 1: 100 or greater at the time this study was made. 

Slight but apparently significant differences in percentage of seropositive 
reactors existed among the racial groups (Table 5). Whether these were due to 
variances in occupation, living conditions, resistance, or reflect an accidental 
experimental bias, cannot be determined at this time. 

When the number of positive reactions was analyzed in relation to Provinces 


TABLE 3 
Positive reactions by sex 


| No. sera examined No. sera positive 


Male 244 
Female 426 84 








Total ‘ 670 


TABLE 4 
Positive reactions by age group 


Age group No. sera examined No. sera positive 





21-30 312 
31-40 90 
41-50 30 
51-60 5 


11-20 230 41 
7 
l 


TABLE 5 
Positive reactions by racial group 


No. sera examined No. sera positive 


White 287 61 
Mestizo 208 41 
Negro 161 27 
Oriental 14 2 
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TABLE 6 
Proportional occurrence of positive sera by Province 


Number of Relation per Number of Per cent 


Province Population : ' : 
— sera examined thousand sera positive positive 


Darién 14,707 0.! : 25 
Herrera 49 960 j 0. 

Los Santos 61,174 ) 0.7 

Coclé 72,770 0.5 

Colén 89 ,643 0.6 

Veraguas 107 , 209 36 0.: 

Chiriquf 137 ,433 76 0.! 

Panamé.... 247 , 120 37 1.! 


of origin of the subjects, marked differences were noted (Table 6). The data on 

subjects from Darien and Herrera may be excluded from consideration because 

of the small samples. Of the remainder, Veraguas residents had the highest 

prevalence of experience with leptospirosis (38%) while only 10 per cent of the 

Colén people treated had serum antibodies against Leptospira. However, more 

extensive work will be required to substantiate these preliminary data. 
DISCUSSION 

Leptospiroses caused by a variety of leptospiral serotypes undoubtedly occur 
in the Republic of Panama. This is to be expected on the basis of the experience 
of other tropical countries having geographic and biologic features similar to those 
of Panama. The data reported here indicate that a wide variety of clinical lepto- 
spirosis syndromes are to be expected in Panamanians on the basis of the variety 
of Leptospira serotypes which are present. However, definition of the leptospiro- 
ses of Panama awaits more adequate clinical, bacteriological, epidemiological 
and epizootiological study. Undoubtedly, vast areas for investigation exist in this 
field, and require more intense study. A disease which affects approximately 
20 per cent of the population should not be ignored. 

The critical investigational needs lie in the field of microbiology. Serological 
data without microbiological proof cannot be considered complete evidence. 
Microbiological studies on human cases, the domestic animals and sylvatic 
sources of leptospiroses are needed fully to define the clinical disease, its epidemi- 
ology and means of control. It is our hope that greater and more penetrating 
studies of all phases of leptospirosis in Panama will follow the exploratory work 
reported here. 


SUMMARY 


Preliminary studies have been made on the occurrence, epidemiology and 
clinical aspects of human leptospirosis in the Isthmus of Panama. Serological 
examination of 670 human sera from food-handler examinations, obstetric clinics 
and hospital patients indicated that human leptospirosis, probably involving 10 
leptospiral serotypes, is present in Panama. Preliminary epidemiological data 
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reveal no significant differences between the sexes with respect to leptospirosis, 
but a higher proportion of young adults showed antibodies than of older people. 
Significant differences also appeared among groups of different racial origins and 
from different geographical areas. 
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STUDIES ON CLONORCHIS SINENSIS. 1. OBSERVATION ON THE 
ROUTE OF MIGRATION IN THE DEFINITIVE HOST 
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Walter Reed Army Institute of Research, Walter Reed Army Medical Center, Washington, D.C. 


The basic patterns of the life cycle of Clonorchis sinensis have been established 
for some 40 years. In 1910 Kobayashi discovered that cyprinoid fish serve as 
second intermediate hosts, and in 1918 Muto reported that certain snails serve 
as first intermediate hosts. Following the observations by Kobayashi, it was 
established that the definitive host becomes infected by eating improperly 
cooked fish or by drinking water polluted with metacercariae. Faust and Khaw 
(1927) reported factors influencing the excystation of the metacercariae, noting 
that the outer wall, laid down by the fish, is digested away by gastric juice, 
while the inner or true cyst wall is weakened by intestinal juices with the sub- 
sequent liberation of the young adult, or “adolescaria” in the duodenum. The 
route followed by this form after its liberation in the intestine has been reported 
by several investigators. Mykoyama (1921) ligatured the ductus choledochus 
of ‘“‘dogs, cats, guinea pigs, etc.’’ and fed metacercariae per os, but failed subse- 
quently to observe developing adults in the biliary passages. Faust and Khaw 
(1927) fed raw fish containing viable metacercariae to puppies, cats and guinea 
pigs, and by sacrificing them periodically observed that ‘‘sometime between 
the fourteenth and twenty-second hour after an experimental feeding, those 
larvae which are to succeed in establishing themselves in the bile passages secure 
entry to the common duct’’. Hsii (1938) reported that, within two hours after 
feeding metacercariae to a cat, he recovered adolescariae in the ductus chole- 
dochus, hepatic duct and bile passages within the liver. That the released adoles- 
cariae gain entrance to the bile passages by actively crawling from the duodenum 
into the common duct has been generally accepted for Clonorchis. 

The same route of migration was initially postulated for Fasciola hepatica, 
but later it was proved that this parasite has the ability to penetrate the in- 
testine and make its way to the liver. While there may be some difference of 
opinion on whether the migration of this species is via the body organs or via 
the portal system, either route requires penetration. 

Complement-fixation tests indicate a greater host response to Clonorchis 
than might be expected with a parasite living exclusively in the biliary passages 
(data to be reported later). This fact, the lack of sufficient conclusive experi- 
mental evidence of the route of migration of Clonorchis, and similarities in the 
final location of this parasite and that of Fasciola led to the experiments reported 
below. 


| Present address: Department of Tropical Medicine Tulane Medical School, 1430 Tulane 
Avenue, New Orleans, Louisiana. 

2 Present address: Institut za Mikrobiologiju i parazitologiju, Vojno Medicinska Akade- 
mija, Beograd, Yugoslavia. 

3 With the technical assistance of R. E. Duxbury and C. T. Law 
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MATERIALS AND METHODS 


The fish, Pseudorasbora parva, that serve as second intermediate hosts, were 
caught in the endemic area of Okayama, Japan, and sent by rail to the 406th 
Medical General Laboratory in Zama, Japan. There the fish flesh was digested 
and the residue containing metacercariae was flown to Washington, D.C. in 
wet ice. Rabbits, five to seven pounds, were used in the study of migration of 
the young worms. After anesthesia with Nembutal, the animals were prepared 
for infection in one of four ways—by ligaturing the ductus choledochus, by 
ligaturing and cutting the duct between ligatures, by tying the duodenal end 
of the duct and passing a polyethylene tube from the open end outside the body, 
and finally by ligaturing the duct and passing a tube from the fundus of the gall 
bladder outside the body. The last two technics prevent hepatic biliary stasis. 
The ductus pancreaticus was left intact in all animals and the ductus choledochus 
was ligatured together with the ligamentum hepato duodenale. Known numbers 
of metacercariae were administered per os following a technic known to yield 
some 26 per cent development to the adult stage in more than 75 rabbits. The 
animals were examined at time of death or 30 days after infection, whichever 
occurred first. 

Ten rabbits survived long enough to be included in the observations reported. 
In two of these, the common duct was ligatured only, in one the duct was cut 
between ligatures, two had a severed duct with a tube passed to the outside of 
the body, and five survived the passage of a tube from the gall bladder to the 
outside of the body. 

Throughout this work it was not possible to determine quantitatively the 
number of worms developing. The rabbits often died shortly after infection and 
estimation of the number of worms present was impossible because of their 
minute size. Consequently, all observations were made on a qualitative basis 

Infection of normal rabbits followed the procedure outlined above. All animals 
were sacrificed at the times indicated, or 30 days after infection. As contrasted 
with the rabbits which had been operated on, none of the normal rabbits died 
before the date set for sacrificing. 


RESULTS 


Migration in rabbits with ligatured bile ducts. The two animals in which the 
ductus choledochus had been ligatured lived for 30 days after receiving 500 
metacercariae. Examination revealed considerable hepatic biliary stasis and 
accompanying pathology. Most of the liver was in a condition that may have 
prevented development of the parasites. Only the right lobe in each case had a 
somewhat normal appearance. Young adults were found in the livers of both 
animals. In the somewhat similar experiment with the duct cut, the animal 
died after six days and no developing worms were found. 

The two animals in which a tube was run from the ductus choledochus out 
of the body survived for 15 and 17 days, respectively, after an inoculation with 
200 metacercariae. Both animals had young adults in the liver. A developing 
adult was found in the bile flowing from the tube in one animal. 
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The five animals in which a tube was run from the gall bladder to the outside 
of the body survived from 7 to 14 days after receiving 1,000 metacercariae each. 
Of these, young adults were found in the livers of two animals. 

Migration in normal rabbits. Because of the above findings it was thought 
desirable to repeat that portion of Faust and Khaw’s work dealing with the 
location of Clonorchis at given intervals following infection. They reported finding 
metacercariae in the stomach of a cat and a guinea pig eight hours after infection; 
in the stomach and duodenum of a cat at 14 hours; adolescariae in the duodenum 
and ductus choledochus of a guinea pig at 22 hours, and in the ductus choledochus 
and bile ducts of a cat at 72 hours. 

A summary of results obtained will be found in Table 1. It will be seen that 
metacercariae were found in the stomach eight hours after infection. Adolescariae 
were present from 22 through 72 hours in the duodenum, but through 48 hours 
none were found in the ductus choledochus. At 72 hours, an adolescaria was 
found in that duct and one was also recovered from a hepatic biliary passage. 

Because there are two general routes of migration which the adolescariae 
might follow after intestinal penetration, one via the portal system into the liver, 
the other via the body organs and into the liver through the parenchyma, an 
attempt was made to ascertain which of these routes might be practicable. 
Two hundred and fifty adolescariae (excysted in artificial intestinal juice) were 
injected into the peritoneal cavities of each of four rabbits. An examination of 
the livers 30 days later failed to reveal developing adults. 

An attempt was made to determine whether there were any factors in rabbit 
blood that would kill adolescariae in vitro, and which would prevent their de- 
velopment by a blood route in vivo. It was found that for periods greater than 
two hours adolescariae remained actively motile in defibrinated blood. Five 
animals were given injections of 1,000 adolescariae each in the mesenteric veins 
and after 30 days adult worms were found in the hepatic biliary passages of 
one animal. 

In order to determine the distance below the papilla of Vater where 
adolescariae may be injected in the lumen of the intestine with subsequent 
development in the liver, from 75 to 80 adolescariae were injected into normal 


TABLE 1 


The location of Clonorchis sinensis in rabbits at given intervals following infection* 


D. choledoch 
Stomach Duodenum Upper jejunum | D. hepaticus, 
D. cysticus 


Rabbit No Hours after 


Hepatic biliary 
infect 


passages 


* The gall bladder and ductus pancreaticus remained negative throughout. 
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TABLE 2 
Distances below the papilla of Vater where adolescariae, injected in the lumen of the 
intestine, will subsequently develop in the liver 


: Per cent of injected 
| No. of adults recovered adolescariae recovered 
as adults 


No. of adolescariae 


Cm below papilla of Vater injected 


80 . 46 

5 80 24 
10 ; 3f 44 
15 
15 

Lower jejunum 

Lower jejunum 

Cecum 

Cecum 


rabbits at 2, 5, 10 and 15 cm. below that opening. Adolescariae were also injected 
into the lower jejunum and cecum of additional rabbits. Thirty days after 
infection adult worms were found in animals that had received injections 15 cm 
or less below the papilla of Vater. They were not present in animals that had 
been injected more posteriorly (Table 2). 


DISCUSSION 


These observations are not in agreement with those of Mukoyama (1921) 
who failed to recover adults after ligaturing the ductus choledochus in dogs, 


cats and guinea pigs. Perhaps this can be accounted for on the basis of improved 
surgical and microscopic technics developed during the past 35 years. We have 
been unable to repeat the findings of Faust and Khaw (1927) concerning the 
orderly migration of adolescariae from the duodenum into the common duct. 
It should be noted that we have used rabbits exclusively while Faust and other 
investigators used different laboratory animals. This may have some bearing 
on the differences observed but there is some evidence that interpretation of the 
findings is an important factor. 

Our results indicate that adolescariae of Clonorchis sinensis are capable of 
penetrating the intestinal wall of rabbits and making their way to the liver. 
At least some of the developing worms pass from the liver into the ductus cho- 
ledochus. These findings do not rule out the possibility that some adolescariae 
in the normal animal may migrate from the duodenum into the ductus choledo- 
chus and subsequently develop in that site. The findings also indicate that the 
adolescariae remain in the duodenum up to 72 hours following infection per os. 
During this period a certain amount of maturation, prior to penetration, may 
be essential. This may be the reason why only one of five animals that received 
adolescariae in the mesenteric vein had adults in the liver. 

Additional studies are now being made to determine more exactly the site 
where penetration takes place. Limited observations indicate that adolescariae 
injected into the lower jejunum and cecum are not able to make their way to 
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the liver. Quantitative studies were not undertaken because of the high mortality 
among the operated animals. Such studies would be accurate only if the animals 
live 40 to 60 days after infection to make sure of finding a large percentage of 
the developing adults in the liver. 


SUMMARY 

In rabbits having no open passageway between the intestine and biliary pas- 
sages through which flukes could crawl, it was found that young adult Clonorchis 
sinensis, after excystation in the duodenum, are capable of making their way 
to the liver and developing there to adulthood. These data were obtained from 
rabbits having the ductus choledochus ligatured, and in some cases having a 
tube from the gall bladder outside the body for biliary drainage. Excysted 
metacercariae, or ‘“‘adolescariae’’, injected directly into the mesenteric vein 
developed into adults in the hepatic biliary passages in one of five animals. The 
data presented indicate that some maturation may be required in the intestine 
before the adolescariae are capable of penetration. These observations do not 
rule out the possibility of migration directly from the duodenum into the common 
bile duct, but are suggestive of a route in which intestinal penetration and transfer 
to the liver by the portal system is a normal process. 
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TREATMENT OF STRONGYLOIDES STERCORALIS INFECTION 
WITH INTRAVENOUS GENTIAN VIOLET 
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Browne-McHardy Clinic, 3636 St. Charles Avenue, and the Department of Tropical Medicine 
and Public Health, Tulane University School of Medicine, New Orleans, Louisiana 


The difficulty encountered in eradicating Strongyloides stercoralis infection in 
the human being is well recognized. Knowledge of its life cycle suggests some 
unusual problems, and clarification of some of the phases in its life cycle and 
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immunology might point to more effective therapy. A discussion of these points 
however, is not within the province of this communication. 

It was hoped, with the publication of Palmer (1950) on the use of intravenous 
gentian violet, that a simple and effective method of treatment had been evolved, 
for certainly gentian violet has been the most acceptable therapy to this date. 
It was with with the purpose of confirming these observations of the efficacy of 
intravenous gentian violet that this study was undertaken. 


MATERIAL 


Fifteen patients with strongyloidiasis who could be hospitalized and controlled 
carefully on an ambulatory basis were selected for study. A 0.5 per cent solution 
of crystalline gentian violet was prepared in accordance with Palmer’s technic, 
and 20 ml. of this solution were given intravenously daily. Daily fecal examina- 
tions were made, and when these were negative, duodenal aspirations were 
carried out, since it is well known that these may be positive when fecal studies 
are negative. 

RESULTS 

Of the 15 initial cases we were able to complete the twenty days’ treatment 

in only 9. The primary difficulty encountered was thrombosis of the veins, which 
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occurred in every case. Pain and soreness were the chief causes for deserting the 
treatment from the patient’s standpoint. One patient had nausea and vomiting 
constantly with each treatment, but no other difficulties or untoward effects 
were encountered. Since these problems were not recorded in the initial work, a 
careful check of the preparation of the solution was repeatedly made, and the 
injection was tried by drip method, 30-40 drops per minute; yet the ultimate 
results were the same. 

All cases at the end of twenty days showed positive stools or duodenal aspira 
tions. We have been able to follow 5 of the original cases for two years, and all 


have positive tests at this time. Figure 1 is typical of the results 


CONCLUSION 


In our studies with intravenous gentian violet for Strongyloides stercoralis in 
fection in the human being, venous thrombosis occurred with each injection, 
whether by rapid injection or slower drip method. This, with the pain and sore- 
ness complained of by the patients, allowed completion of the 20 day treatment 
in only 9 of the original 15 cases. In none was the treatment effective. Although 
the series of patients Was small, we feel that it is quite sufficient to establish the 
lack of therapeutic efficacy and reported innocuousness, and that this, along with 


complications encountered, precludes its use as a routine treatment of strongy 


loidiasis in the human being 
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AN ECOLOGICAL APPRAISAL OF HOST-ECTOPARASITE 
RELATIONSHIPS IN A ZONE OF EPIZOOTIC PLAGUE 
IN CENTRAL CALIFORNIA 


KEITH F. MURRAY 
fornia State Department of Public Health, Bureau of Vector Control, Berkeley, California 


During the spring of 1953, the San Francisco Field Station of the U.S. Public 
Health Service conducted small-mammal trapping in a ravine on the lower south 
slope of the San Bruno Mountains, San Mateo County. This was one of several 
locations in the San Francisco Bay Area in which the exchange of ectoparasites 
between native and domestic rodents was being studied. A feature of this site was 
the presence of two adjoining hog farms on which Norway rats were present. In 
July several pools of fleas from native mice were found positive for plague. In 
lebruary, 1954, a mark-and-release ecology study was initiated, in which fleas 
were routinely removed from the mammals, pooled and processed for plague 

Kartman et al., 1957). Positive plague recoveries again appeared and occurred 
frequently throughout the spring of that year. 

In view of the proximity to human population and potential contact with do- 
mestic rodents, it was considered desirable that a survey to determine the extent 
of the epizootic be made by the Bureau of Vector Control of the State Depart- 
ment of Public Health. Mammal surveys in response to disease outbreaks have 
characteristically emphasized a large volume of collection with scant attention to 
the attending ecological conditions. Many plague epizootics have been recorded 


during the past half-century, particularly in California, that did not materially 


increase our understanding of their nature. In the present survey an attempt was 
made to assess the host-ectoparasite relationships and distribution which might 
affect the occurrence of plague. It was hoped that the results would complement 
those of the Public Health Service in their intensively studied area. Obviously 
the methods employed represent a compromise with the need for volume of 
material for laboratory determination, and fall short of the requirements of a 
carefully planned ecological study. 

In mid-May, 1954, the northwestern section of the San Bruno Mountains was 
treated with poisoned grain by the State and County Departments of Agriculture. 
\n intensive effort was also made to eradicate domestic rats from the hog farms. 
Periodic surveys were then continued by the Bureau of Vector Control to evaluate 


the effectiveness of these measures. 


DESCRIPTION OF AREA 


lhe San Bruno Mountains are an isolated segment of the Santa Cruz Mountain 
chain, separated from the hills of the San Andreas Rift zone by Merced Valley. 
rhey are enclosed on three sides by urban and agricultural developments and on 
the east side by San Francisco Bay. The main ridge has an elevation of 1,000 to 
1,300 feet. There are lower hills to the north, partially separated by Guadalupe 
Valley. 
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The major vegetation types consist of chaparral, coastal scrub, woodland and 
grassland; an open shrub-grass type is locally important. Along the lower slopes 


and in the canyons there are extensive truck farming operations, particularly on 


the southern side. In the vicinity of Daly City, residential sections extend well up 


the slope. The community of Brisbane lies almost entirely on the north-facing 
hillside bordering Guadalupe Valley. All of these developments are in direct 
contact with the continuous native vegetation. Most of the area is grazed by 
cattle. 

The northern portion of the San Andreas Rift zone slope was involved in this 
survey. The slope is gentle but heavily dissected by stream canyons. Coastal 
scrub and some chaparral are present. There is considerable riparian vegetation in 
the canyons. Cultivated lands, pastures and dwellings are numerous, intermingled 
with areas of native vegetation 

The U.S. P. H. 8. study area was located in a shallow ravine behind Olivet 
Cemetery (Fig. 1). The Central and Landi hog ranches are below and immediately 
adjoining this area. Several hundred feet northwest is the Olivet Cemetery dump. 
Initial inspection of the hog farms showed large quantities of garbage scattered 
about. There were many rat burrows around the buildings and along the weed- 
grown fence rows of the hog pens. A stream course with a growth of willows, run- 
ning through the study area and among the hog pens, provided an area of contact 
between rats and native mammals. A limited pest control service was being 
rendered and warfarin bait had been placed in the area. While dead rats were 


frequently seen, the control efforts were obviously not equal to the need. 


PLANNING AND TECHNIQUES 


Trapping was conducted in 25 designated areas (Fig. 1). Most of these lay in 
the series of canyons which dissect the slopes in the region. In each area, an 
effort was made to sample all distinct vegetation types present. Almost all of the 
trapping consisted of lines of 25 or 50 Museum Special snap traps. These were set 
at 25 foot intervals for single nights, baited with rolled oats. Live trapping was 
conducted on one line of 40 trap stations to evaluate control measures. The line 
was set for three-night periods and repeated at intervals. 

The Central and Landi hog farms were trapped an average of four nights each 
week through the month of April. The Olivet Cemetery dump and surroundings, 
and several other hog farms in the vicinity were sampled less intensively. Victor 
rat snap traps were used, baited with bacon. From 75 to 150 traps were usually 
set each trapping night 

Trapped mammals were placed in individual paper bags. These were confined 
with calcium cyanide (A-dust) to kill the ectoparasites. The ectoparasites were 
then combed from the animals and put in vials containing two per cent saline 
solution. Fleas in saline solution were brought to the laboratory on the same day 
they were obtained. The vials were frozen and held on dry ice until the fleas were 
identified, which was usually within a week. Flea collections for each individual 
host were recorded on Keysort punch cards. Pools were formed so that all flea 


species were segregated, and all collections from different host species were segre- 
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1. Portion of northern San Mateo County involved in the survev. Numbers refer to 
ireas trapped. The shaded rectangle is the U. S. Public Health Service study area. Culti 


vated and urban areas are shaded. 


gated. Pools were also separate in each area for each day. Questionable flea speci- 
mens were mounted. 

Since the primary objective was to get a large number of specimens from a 
fairly wide area, the methods employed to obtain relative densities left con- 
siderable to be desired. Most of the lines were set in uniform habitats. The rela- 
tive density values given in Table 1 were averaged only from selected lines re 
presentative of distinct and reasonably uniform vegetation types. Comparisons 
of catch between species must be made with caution in trapping of this kind be- 
cause of differences in home range. The small range of Microtus in particular 
causes its abundance to be severly underestimated relative to other species. Lines 
of 50 traps were tabulated as two lines of 25 traps. While this introduces a slight 
error, it is probably not appreciable at this level of censusing. The qualitative 
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evaluation of habitat occupation was based on a considerably larger number of 


traplines which could not be included among the averaged lines for various 
reasons. 


RESULTS 


A total of 964 mammals was collected, representing ten species. From these 
were collected 1,364 fleas. 


Relation to vegetation types 

Chaparral. Chaparral in this region has a number of plant species in common 
with coastal scrub and is distinguished largely on the basis of growth form. It 
represents what is frequently termed soft chaparral and is a characteristic growth 
in the San Francisco Bay Area. The principal species is Baccharis pilularis, with 
Rhammus californica, Rhus diversiloba, Artemisia californica, and Eriophyllum 
stachaedifolium entering to varying degrees. On drier slopes the growth is almost 
restricted to Baccharis and Diplacus aurantiacus with occasional clumps of 
Ceanothus thyrsiflorus. In general the height ranges from 244 to 5 feet. Certain 
favorable growths are taller and in one exceptional spot Baccharis grows up to 10 
feet. The density of cover is typically from 70 to 100 per cent. The ground cover in 
most of the chaparral is slight, consisting of sparse grass and a few herbs. In pro- 
tected canyon bottoms there is a distinctly moister vegetation with Symphori- 
carpos albus, Holodiscus discolor, Rubus spectabilis and like species entering. Here 
a lush herb growth also occurs, largely Heracleum lanatum and Scrophularia 
californica. Chaparral is distributed extensively over the north and east-facing 
slopes of the San Bruno Mountains, bordering Guadalupe Valley. It also occurs 
discontinuously on the San Andreas Rift slope. 

Rodent captures in chaparral were higher than in any other major vegetation 
type. In continuous, unmodified chaparral, Peromyscus maniculatus was gen- 
erally the only species obtained. An occasional Peromyscus californicus appeared 
in dense growth with considerable ground litter. Reithrodontomys megalotis was 
taken only in one line which ran partly through particularly tall Baccharis; 
there, oddly enough, four mice were trapped. Microtus californicus was taken oc- 
casionally along edges and in canyon bottoms where dense herbaceous growth 
was present. A few shrews were trapped under similar circumstances. 

Coastal scrub. This vegetation type corresponds closely to the Northern Coastal 
scrub of Munz and Keck (1949). The principal species are Baccharis, Rubus 
vitifolius, Eriophyllum, Diplacus and Rhammus. These form a dense growth 114 
to 3 feet high, frequently in a continuous tangled cover. There is considerable 
herb growth, largely Scrophularia. Heracleum and Conium maculatum grow 
densely in openings and around the edges. At the ground surface there tends to 
be a moist accumulation of stems and dead leaves. 

Coastal scrub occurs in canyons on the east and southeast slopes of San Bruno 
Mountains and along the northern part of the San Andreas Rift slope. Its distri- 
bution is evidently governed by the extent of frequent fog. At higher levels there 
is a lower, more herbaceous growth with low rounded shrubs in response to 
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strong winds. There is considerable contact of coastal scrub with residential areas, 
particularly around the edges of Daly City. 

Coastal scrub proved to be the most favorable habitat for Reithrodontomys 
which amounted to 20 per cent of the catch. P. maniculatus again made up the 
bulk of the numbers. Microtus was taken around herb-grass borders. While 
inconclusive, the results suggested that mice were more abundant along distinct 
edges. 

Woodland. Woodland is relatively limited in extent, occurring principally in 
canyons and on north facing slopes in Guadalupe Valley above Brisbane. The 
canyon growth consists of Umbellularia californica, Quercus agrifolia and Aesculus 
californica, varying from dense with little or no understory, to broken canopy and 
patches of Baccharis, Artemisia and Rhus. The north slopes are covered with 
dense, almost pure stands of Quercus, rarely over 11 feet. There is a semi-under- 
story of shrubs such as Ceanothus thyrsiflorus, Corylus rostrata and Rhammus 
californica which tend to occur in openings but which also are scattered beneath 
the canopy. A moderately dense herb growth of Montia perfoliata and bracken is 
present, with dense leaf litter. The woodland edges are typically bordered by a 
narrow band of Baccharis, Rkammus and Diplacus which thins out into grass on 
the ridge tops. 

No animals were obtained in trapping beneath continuous tree canopy, al- 
though a line along a narrow brushy cut yielded several P. maniculatus. Trapping 
along edges produced a small number of mice, most of which were P. maniculatus. 
Microtus and Reithrodontomys seemed to occur incidentally in portions of mixed 
habitat. No shrews were taken. 

Grassland. The greater part of the grassland encountered was heavily grazed 
and barren of other types of cover. The entire eastern end of the San Bruno Range 
was in this condition on its south and east slopes and there were frequent open 
grazed areas throughout. Very few mice were taken from these barren grassy 
areas. However, small rock outcrops with patches of herbs provided shelter for a 
few animals, about evenly divided between P. maniculatus and Reithrodontomys. 

A variety of other grassy situations were encountered which for the most part 
were interspersed among other kinds of vegetation. In ungrazed grassland there 
were scattered Microtus colonies. These were more abundant where dry grass of 
previous years remained than in wholly new annual growth. Large and extensive 
localized Microtus colonies were present, as on the ridge at the northern end of 
San Bruno Mountain. Peromyscus maniculatus and Reithrodontomys were rarely 
taken in pure grass. Where there was extensive development of tall forbs such as 
Conium and Brassica campestris, or where there were numerous low shrub clumps 
(usually Baccharis and Artemisia), large mouse catches frequently resulted. 
Microtus tended to predominate. Reithrodontomys was relatively abundant. 
Peromyscus maniculatus varied with the density of the above-ground cover and 
made up a considerable proportion of the catch where such cover was dense. 

Open shrub-grass. This represents a locally distinct type in which shrubs are 
scattered and open at the base. The predominant species are Baccharis and Lu- 
pinus arboreus, occasionally Rhus diversiloba and Artemisia. The shrub cover is 
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about 20 to 30 per cent. Grass is usually dense but low, and frequently grazed. 


Small areas of this type are widely distributed. It appears to be a stage in recovery 
of chaparral, in part at least, from cultivation. Few mammals were taken. Most 
of these were P. maniculatus. 

Other conditions. No animals were caught in fully riparian vegetation with wil- 
lows and bare or grassy ground. Only shrews were caught within a eucalyptus 
grove in limited trapping. There were indications that P. maniculatus might be 
concentrated around accumulations of rubbish. A small amount of trapping 
showed high populations of P. maniculatus in clumps of Ulex europaeus. There are 
dense growths of this spiny shrub scattered about the north end of the San Bruno 
Mountains. 


Accounts of mammalian species 


Peromyscus maniculatus rubidus. This was by far the most abundant species 
found in the study. It occurred in all major habitats sampled (Table 1). It was 
exceeded in abundance only in certain ungrazed grassland areas by Microtus. 
Chaparral was the most favorable habitat, coastal scrub slightly less so. The mice 
were evenly dispersed through chaparral but seemed somewhat to prefer edges 
of coastal scrub. They frequently were more abundant in canyon bottoms where 
there were dense shrub thickets and herb growth. In general they did not occur 
in either grazed or ungrazed grassland without some form of above ground cover. 
The most conspicuous habitat factors associated with large catches of P. mani- 
culatus were largely open ground surface and the presence of some dense shrub 
cover or its equivalent. Solid, continuous cover at any level seemed to be unsuit- 
able. 

There were eight gray-pelaged juveniles and one subadult among 185 individ- 
uals. Of 110 apparently adult males, 84 had scrotal testes. There were 11 pregnant 
or lactating specimens among 64 females. 

Peromyscus californicus parasiticus. These mice were infrequently caught. All 
were from well developed chaparral or broken woodland with abundant surface 
litter for shelter. In four of five of these localities, relatively few Peromyscus 
maniculatus were taken. 

Reithrodontomys megalotis longicaudus. Harvest mice were not numerous in any 


of the areas trapped. Only 32 were taken in snap trap lines before poisoning, 


TABLE 1 
Average catch of mice per line in different vegetation types 
Reithro 


dontomys 
megalotts 


 % Peromyscus | Peromyscus| Microtus 
r ines * , ’ 
. maniculatus | californicus | californicus 


Chaparral 5. od 6 0 


Coastal scrub ; 3.6 i. 
Woodland € a 0 
Shrub-grass 0. 
Barren grass 


mm GW bo 
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TABLE 2 


Relationship of catch of Peromyscus maniculatus and Reithrodontomys 
megalotis, based on 85 lines in various habitats 





P. maniculatis R. megalotis 





10 lines highest catch, P. maniculatus...... 81 
20 lines highest catch, P. maniculatus 129 
29 lines lowest catch, P. maniculatus 19 
17 lines lowest catch, P. maniculatus 7 


averaging less than half a mouse per line of 25 traps. Coastal scrub was the 
favored habitat. They tended to be scattered along herb-grass edges of chaparral 
and woodland, but did not appear within either association except for one chap- 
arral line. They were also in herbaceous canyon bottoms and fields of Conium. 
There was a decided tendency for Reithrodontomys to appear among the few mice 


caught in unfavorable barren grass areas. 

The abundance of Reithrodontomys shows a striking negative correlation with 
the abundance of P. maniculatus, both relatively and absolutely as is shown in 
Table 2. The reason for this is not clear. It may be explained in part by differ- 
ences in habitat preference. However, in a number of instances such differences 
must have been subtle to explain reversals of expected catch. The possible role of 
competition should not be ruled out. 

Of 32 mice, two were juveniles. There were 12 males with scrotal testes out of 
22 individuals. None of eight females was pregnant or lactating. 

Microtus californicus californicus. Inspection for Microtus sign was far more 
extensive than the actual trapping. It was evident that overall the population 
was at a low level. In many areas of continuous apparently suitable habitat, 
there were only scattered small colonies; in others, none was apparent. The most 
productive areas were ungrazed grassland with considerable development of 
forbs such as Conium, Brassica or scattered low shrubs. It was often found that 
colonies were centered around dense shrub or herb clumps but absent from inter- 
vening grassland. No colonies were found in any currently grazed grassland even 
where the spring growth was locally dense. This was true of several pastures 
bordered by roadside strips in which voles were present. The only extensive 
areas with large Microtus colonies were on the ridge at the north end of the San 
3runo Mountains, and to a lesser degree in the vicinity of the U.S. P. H. S. 
study area. It is perhaps not a coincidence that this was an apparent focus of the 
plague epizootic. 

Throughout all the trapping, Microtus consistently turned up in small numbers 
in canyon bottoms and borders of other vegetation where there was a lush growth 
of herbs such as Heracleum and Scrophularia, or moist patches of grass (often 
bunchgrass or sedge) and Equisetum along streams. Such occurrences account 
for the small representation of this species in chapparal, coastal scrub and wood- 
land (Table 1). This was repeatedly true where there were adjoining suitable 
grassy areas. Where grassland is patchy and discontinuous the widespread dis- 
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tribution of these few mice would facilitate the synchronous buildup of popula- 
tions. This situation seems to bear out a principle established by Evans (1942) 
in a woodland population study in England. He found that for Clethrionomys 
glareolus, the habitat which maintained low numbers during medium and high 
densities elsewhere had the higher survival during a population low and main- 
tained larger numbers than the previously favored habitat. 

As a corollary for control measures, it may be that Microtus is best controlled 
during low population levels in such restricted habitats, where it might at times 
be eliminated from an area, rather than during periods of unusual abundance. 

There are data on reproduction for only 39 animals, of which five were juve- 
niles and one a subadult. There were 10 pregnant or lactating individuals among 
16 apparently adult females. Out of 17 adult males, 12 had scrotal testes. 

Sorex trowbridgei montereyensis and Sorex vagrans ssp. Both species were caught 
occasionally. Sorex trowbridgei was the more abundant. Differences in habitat 
preference were not apparent and both species were sometimes taken in the same 
line. In lines averaged from major vegetation types, there were two S. trow- 
bridgei, one S. vagrans from chaparral and one S. vagrans from coastal scrub. 
None was taken from woodland, open shrub-grass or barren grass lines. Most of 
the shrews were trapped in the southwest portion of the San Bruno Mountains. 
They appeared most frequently in the lines used to evaluate control (Areas 23, 
24, 25, 14). 

Other species. A very few woodrat (Neotoma fuscipes annectens) houses were 
found. No specimens were taken in limited trapping. Brush rabbits (Sylvilagus 
bachmani macrorhinus) were observed and their runs were abundant in chaparral 
and coastal scrub. Gophers (Thomomys bottae bottae) were numerous in grassland 
and other open areas. A few mole (Scapanus latimanus latimanus) runs were seen. 

Several house mice (Mus musculus) were trapped. Most were around barns in 
Guadalupe Valley or near the hog farms. There were two in a grassy roadside 
situation near buildings, one from a wooded canyon above Brisbane. 

It is significant that ground squirrels (Citellus beecheyi beecheyi) were com- 


pletely absent from the area surveyed except for a single small colony on an open 
slope above Rivera Canyon. There were probably not more than 10 individuals. 
Ground squirrels have been widespread and numerous in the past, but thoroughly 
suppressed through control for several years. Many ancient workings were en- 
countered. 


Host-fiea relationships 


While all ectoparasites were removed from the mammals, only the fleas have 
been identified at this time. There are many variables which might potentially 
affect the occurrence of fleas as they were removed from their hosts. The following 
analysis includes results only from snap-trapped animals obtained prior to poi- 
soning operations. Traplines were run in the morning before the sun had struck 
the traps. It is probable that at least part of the fleas had left their hosts during 
the night. This in particular would bias the results to show a greater proportion 
of negatively infested hosts, in view of the large number bearing only one or two 
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fleas. Different species of fleas may leave their hosts at different rates, but there 
is no means of judging this possibility. 

The difference in frequency of positive occurrence of fleas on males and females 
was tested by means of the chi-square test for Peromyscus maniculatus and 
Microtus californicus. The difference showed P-values which were not significant. 
The average numbers of fleas per mouse were similar. Few juvenile mice were 
obtained, an insufficient number to indicate any differences in flea densities. 

Fleas are known to be contagiously distributed on mammal hosts. Cole and 
Koepke (1947) have shown that domestic rats have a greater number of individ- 
uals either uninfested or with large numbers of fleas than would be expected by 
chance in a random distribution. In a sample of rats from Mobile, Alabama 
(p. 12), one per cent of the rats had more than 47 X. cheopis, yet bore 15 per cent 
of the total X. cheopis population. 

Frequency distributions of fleas for Peromyscus maniculatus, Microtus californ- 
icus and Reithrodontomys megalotis show that these distributions are not random. 
For Peromyscus there were 10.6 per cent of the mice with more than five fleas, 
but these had 47.9 per cent of the total flea number; for Microtus, 3.8 per cent of 
the mice with more than five fleas bore 32.9 per cent of the total. However, the 
degree of contagiousness does not approach that frequently found in rats. In a 
random distribution the variance’ (6?) should approximately equal the mean. 
For Peromyscus the mean is 2.1, the variance 9.1. For Microtus the mean is 1.2, 
variance 5.7. In rat populations which have been studied, the variance is gener- 
ally very much greater than the mean. 

It appears that this general pattern of flea distribution is typical for many 
mouse populations. In the frequency distribution of fleas on Reithrodontomys, a 
high percentage of hosts are negative and the maximum number per host is low. 
This is a pattern which is also of frequent occurrence, particularly among hetero- 
myid rodents. It would not be advisable to apply mechanically the methods 
developed for analyzing flea densities on domestic rats to wild rodents. With 
additional study, methods should emerge which are better adapted to these 
types of distribution. 

Peromyscus maniculatus. The species of fleas obtained and their numbers are: 
Opisodasys keeni nesiotus, 366; Malareus telchinum, 90; Catallagia wymani, 69; 
Monopsyllus wagneri, 11; Hystrichopsylla (undescribed species), 7; Atyphloceras 
multidentatus, 1. One Peromyscopsylla sp. was taken in live trap lines. 

The density and species occurrence of fleas on P. maniculatus were compared 
from different habitats. None of the differences in degree of positive occurrence 
was significant when tested by the chi-square test, and the mean numbers of 
fleas per mouse were similar. No striking differences were apparent in the relative 
occurrence of flea species in different habitats. However, it is noteworthy that 
Malareus, the most abundant Microtus flea, was not taken from P. maniculatus 
in Area 25 where the Microtus population was high. The overall density of fleas 
per mouse was 2.2; 64 per cent of the mice were positive for fleas. 

The largest number of flea species on one mouse was four. There were 97 mice 
with one species, 46 with two, 16 with three, two with four. It was possible to test 
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TABLE 3 
Association of species of fleas on Peromyscus maniculatus and on Microtu 
californicus 


ient of 


Present 
i ciation 


xclusively Both present 
On Peromyscus maniculat 
Opisodas us : ¢ 
+ .106 
Malareus 23 
Opisodasys : 
ea + .146 
Catallagia 
Malare us 
’ 1 + .USS 
Catallagia 
On Microtus californicu: 
Malareus 
Hystrichopsylla 8 129 
Malareus 5 } 146 
Catallagia 


the association between three flea species on P. maniculatus using the coefficient 
of interspecific association developed by Cole (1949) (Table 3). This is a measure 
of the degree to which two species occur together more or less frequently than 
when they are independently distributed. A coefficient of +1 results when there 
is 100 per cent joint occurrence, —1 when there are no joint occurrences, zero 
when distributions are independent. Opisodasys-Malareus and Malareus-Catal- 
lagia show mild positive association, Opisodasys-Catallagia a moderately strong 


positive association. All of these values are statistically significant. 

Peromyscus californicus. Of the total of eight individuals, six were negative 
for fleas. The others had two and three Malareus telchinum respectively. 

Reithrodontomys megalotis. There were 39 harvest mice taken, of which six 
(15.4%) had fleas. Seven were Opisodasys keeni nesiotus, two were Malareus 
telchinum. In trapping after poisoning, Catallagia wymani and Monopsyllus 
wagnert were also recorded. From trapping in May, 1955, one Dasypsyllus gallin- 
ulae perpinnatus was recovered. 

Microtus californicus. The species of fleas taken from Microtus and their 
numbers are: Malareus telchinum, 75; Hystrichopsylla sp., 22; Catallagia wymani, 
20; Atyphlocerals multidentatus, 9; Opisodasys keeni nesiotus, 6; Leptopsylla segnis, 
2; Foxella ignota, 1; Ceratophyllus niger niger, 1; Dasypsyllus gallinulae perpin- 
natus, 1; Monopsyllus wagneri, 1. A live trapped individual had one Corypsylla 
ornata. 

Flea numbers were compared from areas where Microtus was scattered and not 
abundant, and the ridge on San Bruno Mountain (Area 25) where the largest 
population was found. From Area 25, 151 mice had an average of 1.1 fleas per 
mouse and 64 per cent were positive for fleas. There were 39 mice from areas of 
low population with an average of 3.1 fleas per mouse and 54 per cent positive. 
The largest number of flea species on one individual was four. On 69 mice there 
was one species, 26 had two, four had 3, one had 4 species. 
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Coefficients of association were calculated for Malareus-Hystrichopsylla and 
Malareus-Catallagia (Table 3). The association between Malareus and Catallagia 
is considerably stronger on Microtus than on P. maniculatus. 

Several nests of Microtus were dug out or located under surface cover. One 
contained 134 Malareus, two Hystrichopsylla and four Catallagia. The others had 
numbers ranging from none to 33 fleas with a relatively high percentage of 
Hystrichopsylla and Atyphloceras. Six Foxella were taken from one nest. 

Thomomys bottae. Two gophers were captured, one negative for fleas. The other 
had one Dactyllopsylla bluet bluei. Two additional gophers obtained after poison- 
ing operations had five and seven Forella ignota respectively. 

Mus musculus. There are records for nine mice. Three were from sylvan habi- 
tats and were negative for fleas. Four occurred in a roadside patch of grass near 
buildings. Their respective flea counts were 3, 7, 1 Leptopsylla segnis, 1 Malareus 
telchinum. A population of Microtus was also present. Two Mus from a barn each 
had one Leptopsylla. 

Sorex. Sorex vagrans and trowbridgei are not distinguished in this tabulation. 
There were 24 shrews, of which three (12.5%) were positive for fleas. One had 
two Corrodopsylla curvata obtusata, another, one Corrodopsylla, the third, one 
Corrodopsylla and one Corypsylla ornata. Corrodopsylla is considered to be a true 
shrew flea, Corypsylla, a mole flea (Hubbard, 1947). 

For the purpose of comparing the degree of host preference of the various flea 
species, frequency indexes were calculated for those with a sufficient number of 
host records (Table 4). These values are the equivalents of per cent of hosts 


positive for a given species. The use of this method tends to minimize the effect 


TABLE 4 
Frequency indezes of fleas* 
Number in parenthesis represents number of host occurrences. Plus designations indicate 
records from post-control trapping. 


Optsedasys nesiotus 
Malareus telchinum 
Alyphloceras 
multidentalus 
Monopsyllus wagneri 
Foxella ignota 
Dactylopsylla bluei 
Corypsyllia ornala 


No. hosts 


Peromyscopsylia sp. 


Catallagia wymani 
Leptopsylla segnis 
| Ceratophyllus niger 
| Dasypsyllus gallinulae 
Corrodopsylla curvata 
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Reithrodonte mys 
megalotis 


romyscus cali 


Mus musculus 
Thomomys bottae 
* Frequency index is the per cent of individuals of one host species upon which a given flea species was recorded, 


expressed as a decimal! 
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of large numbers per host of the more abundant fleas in influencing the results. 
The number of fleas taken from a host on a given night appears to be only an 
extremely variable sample of those available in the nest and burrow. The fre- 
quency index may be a more stable and meaningful measure of the degree of 
association of flea and host species than would average numbers of fleas present. 
These frequencies can not be taken as indications of flea densities except where 
values are very low. 

The degree of host specificity among the more abundant species of fleas and 
hosts is low. However Opisodasys is clearly a Peromyscus and Reithrodontomys 
flea and its occurrences on Microtus may be only from contact with these species. 
Malareus appears the most cosmopolitan flea species in this area. Although it 
represents a much higher proportion of the flea fauna on Microtus than on 
Peromyscus maniculatus, the difference in frequency is smaller. Tested by the 
chi-square test this difference is significant at the .05 level. Catallagia comprises 
14 per cent of the total fleas from Microtus and 13 per cent of those on P. mani- 
culatus, yet the frequency is significantly (.05 level) higher on P. maniculatus. 
Hystrichopsylla and Atyphloceras are considered primarily nest fleas of both 
Peromyscus and Microtus (Hubbard, 1947). The considerably more frequent 
occurrence on Microtus might reflect real differences in abundance or merely 
more favorable conditions for remaining on the hosts. These conditions might be 
provided by the longer pelage of Microtus. 

Fleas which appear truly host specific in this particular fauna are Forella and 
Dactylopsylla on Thomomys, Leptopsylla on Mus, and Doratopsylla and Corypsylla 
on shrews. Three of these species were found occasionally on Microtus but none 
occurred on any of the other rodents. The presence of gopher fleas on Microtus 
appears to result from the frequent use of gopher burrows by these mice for 
tunnels or nest sites. Microtus surface runways are frequently used by other mice 
and shrews. This may explain the occurrence of Leptopsylla, Opisodasys and 
shrew fleas on Microtus, as well as the several Malareus taken from Mus. The 
presence of Microtus seems to particularly favor an interchange of fleas. 

Rattus norvegicus. From Norway rats, 188 fleas were taken: 184 Nosopsyllus 
fasciatus, 3 Leptopsylla segnis, 1 Malareus telchinum. All of the fleas occurred on 
rats living along the fence rows and in fringe situations around the hog farms. 
Those in immediate contact with the buildings had no fleas. The few rats trapped 
at the Olivet Cemetery dump and vicinity also had no fleas. 

For 74 rats trapped during the first half of April, the average number of fleas 
per rat was 0.5 and 19 per cent were positive for fleas. During the last half of the 
month there were 55 rats with an average of 2.6 fleas per rat (including one rat 
with 68 fleas) and 24 per cent positive for fleas. The increase in flea density was 
undoubtedly due to the marked reduction in number of available hosts. 


RECOVERY OF PLAGUE 


A pool of two Opisodasys keeni from one Reithrodontomys megalotis collected 
March 25, 1954 proved positive for plague. The specimens were taken in Rivera 
Canyon (Area 14). This locality is at the northwestern end of the San Bruno 
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Mountains, above Daly City and about 34 mile from the U.S. P. H. S. study 
area (Fig. 1). On May 21, 1954, during the first resurvey following poisoning, a 
pool of fleas from Area 25 was found plague positive. There were eight Malareus 
telchinum from two Microtus californicus in the pool. In addition to the regular 
recovery of plague in their study area, the U.S. P. H.S. collected plague positive 
fleas from a site several hundred feet north and from two sites a similar distance 
east of the study area. On March 8, 1955, they obtained a plague positive pool of 
mixed fleas from seven M. californicus at a location just north of the head of 
Rivera Canyon (Fig. 1). 

According to the records of the California State Department of Public Health 
this region has a previous history of plague, with recoveries of positive vectors 
as follows: Crocker Estate, 4 mi. W. Colma, June 8, 1942 (pool of 2 fleas from 1 
Citellus beecheyi); Jersey Farm, 244 mi. W. San Bruno, June 12, 1942 (pool of 11 
lice from 1 Citellus beecheyi); Hansen Dairy, 46 mi. W. Brisbane, June 15, 1942 
(pool of 18 fleas from 2 Citellus beechey?). 


CONTROL OPERATIONS 


Primarily as a result of the positive plague recovery in Rivera Canyon, the 
decision was reached that control operations would be carried out in that canyon 
and in the areas surrounding the U.S. P. H.S. study area. The study area and a 
limited buffer zone were not involved. 

This was done on May 12 and 13 under direction of the State Department of 
Agriculture. Five thousand pounds of poison bait were distributed by air over 
an area of about 500 acres. The bait consisted of oat groats treated with 16 
ounces of zine phosphide per 100 pounds of grain. An additional 1,000 pounds 
of bait were distributed by hand in places inaccessible to the airplane and in 
certain critical areas. 

Because of the contact of domestic rats on the hog farms with the native 
rodents, emergency control measures were undertaken to prevent a transfer of 
the epizootic to the rat population. Poisoning with zinc phosphide, warfarin and 
1080” was performed, in addition to the already intensive trapping. Rubbish 
and vegetation were removed and buildings were modified. More rapid removal 
of uneaten garbage was undertaken. 


EVALUATION OF CONTROL 


Certain areas were trapped before and at intervals after the poisoning program 
to evaluate its effectiveness. Lines consisted of 50 Museum Special snap traps 
at paced 25 foot intervals. In Area 14, a line of Sherman live traps was used, con- 
sisting of 40 stations with three traps each. These were at measured 50 foot 
intervals, run for three consecutive nights. Except during the first period, animals 
were marked. 

The areas were as follows: 

Area 23. Ravine immediately southeast of the U.S. P. H. S. study area. One 
line up hillside in ungrazed grass with scattered Baccharis. 

Area 24. Ravine immediately northwest of U.S. P. H. 8S. study area. One line 
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partly through open Baccharis and Artemisia with grass, partly through dense 
growth of Coniuwm maculatum and some grass. Ungrazed. 

Area 25. Ridge top high above and to northeast of U. 8. P. H. 8. study area. 
Dense ungrazed grassland with scattered Baccharis. Several lines before poisoning 
of which two were consistently repeated. 

Area 14. Rivera Canyon. Coastal scrub on steep slopes with willows and shrub 
thickets along stream in bottom. Live trap line along or near stream. 

Much poison grain was in evidence in the vicinity of traplines in all of these 
areas after poisoning. 

The trapping was the minimum needed to provide valid comparisons of density. 
Traps were repeatedly disturbed or stolen on the live trap line; in July only two 
nights of trapping were usable. The figures obtained from these lines (Table 5) 
should be considered only rough indications of the actual populations involved. 
Nevertheless the results seem to be meaningful. 


The densities of Microtus may be assumed relatively greater than those of 
other species because of its smaller home range. At high densities in Area 25, 


there may have been competition for traps. At low densities, home ranges un- 
doubtedly increased. These factors suggest the changes in Microtus numbers 
may be greater than is shown by the trapping. A reduction in catch of about 85 
per cent for the large Microtus population in Area 25 was obtained, and 25 per 
cent in Areas 23 and 24. Late in July, slightly more than two months after the 
areas had been poisoned, the trapping results were comparable to those prior to 


TABLE 5 


Density of rodents in areas which were poisoned May 18th-14th, 1954. Figures 
represent average catch per line of 50 traps. They should be treated only as 
approximate values. 


Microtus Peromyscus |Reithrodontomys 


No. lines 1g, ’ ’ 
caltfornicus maniculatus megalolis 


Total 

Area 25 
Before poison 
Late May 
Late July 
Early October 
1955 

Areas 23-24 
Before poison 
Late May 
Late July 
Early October 
1955 


two tw Ww Cr 


Live trap lines 
Before poison* 
Late May 
Late July 
Early October 





* Also Mus musculus 0.7 
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TABLE 6 


Changes in abundance of Reithrodontomys megalotis, erpressed as per cent of 
toial rodent catch 


Area 25 \reas 23 & 24 ive traps 


Before poison* 6 5 
Late May 22 0 


July ; 48 
October 3 68 87 


* Areas poisoned May 13-14, 1954. 


poisoning. Captures of Microtus in Area 14 were originally scattered in small 
patches of grass and herbs. After poisoning they were taken only at the upper- 
most stations, which were in contact with a slope of grassland. It appears that 
poisoning had the effect of temporarily depressing the Microtus population, 
principally in Area 25. 

No meaningful changes in the low Peromyscus maniculatus population were 
recorded in the snap-trapped areas. However, the steady decline in Area 14 
indicates that poisoning had a more prolonged effect here upon Peromyscus. The 
most striking result associated with the poisoned areas was the sharp increase in 
Reithrodontomys in the later trapping periods (Table 6). That this was actually 
related in some way to the poisoning is indicated by the continued stable Reithro- 
dontomys population in the U.8. P. H. 8. study area. Also two lines were repeated 
in October in unpoisoned areas which did not show this increase. Unfortunately 
no data concerning reproduction are available from this portion of the survey 
except for the live trapping, and this is scanty. 

The snap trap lines were repeated in mid-March, 1955 (Table 5). The large 
Microtus population in Area 25 seemed to have declined. There was no indication 
that the buildup in Reithrodontomys numbers had carried over into the following 
year. In a line of 50 snap traps along the creek in Rivera Canyon were caught 6 
Peromyscus, 2 Reithrodontomys, 3 Microtus. This roughly suggests a population 
comparable to that found before poisoning in 1954, and perhaps larger. 

_ Asa check on control of rats on the hog farms, 84 rat traps were exposed for 
six nights during the period May 14-21. Only four rats were caught, indicating 
that control efforts were highly successful. 


OCCURRENCE OF FLEAS IN RELATION TO CONTROL 


With a reduction in the number of hosts following control measures, it might 
be expected that numbers of fleas on the remaining hosts would temporarily 
increase. The number of mice captured immediately after poisoning is small, but 
sufficient to show that a sharp increase in average flea numbers did occur (Table 
7). There were no clear indications of changes in host occupation after poisoning 
which might result from reshuffling of fleas. However, the relative number of 
Malareus on Peromyscus showed a marked increase. 
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TABLE 7 


2 I 


Density of fleas 1-2 weeks before and 1-2 weeks after poisoning 


— No. pos ——_ Fleas per Fleas per 
0. Mi 4 ‘ve Pas 
: mice mouse pos. mouse 


Microtus californicus 
Area 25 

Before poisoning 

After poisoning 
Microtus californicus 
Areas 23 to 24 

Before poisoning 

After poisoning 
Peromyscus maniculatus 
Areas 23-24-25 

sefore poisoning 

After poisoning 
Peromyscus maniculatus 
Live trap lines 

Before poisoning 

After poisoning 


DISCUSSION 


Early in 1954, the Public Health Service was recovering plague in their study 
area with an overall peak in late March of 10.8 per cent of fleas infected (Quan, 
S. F., personal communication). There was a steady decline through the follow- 
ing weeks. During the period of our survey, the incidence dropped from one and 
one-half per cent to one-half per cent. 

The failure to recover plague from most of the areas surveyed obviously does 
not imply that none was present. However, it is doubtful that there could have 
been an incidence in many areas approaching one per cent without more frequent 
appearance of positive pools. In Area 12 there were 93 fleas, Area 2 to 4, 142 
fleas; Areas 17 to 19, 148 fleas, Area 25 before poisoning, 133 fleas. Other areas 
had smaller numbers. In Area 14 the positive pool of two fleas came from a 
sample of 44. If it is postulated that just one flea was infected, this would repre- 
sent a rate of slightly less than two per cent. A similar figure would be derived 
from Area 25 after poisoning, by assuming one infected flea in a pool of eight 
from a sample of 46 fleas. These values are only suggestive at best. 

The indications are that at least during the period of survey, the incidence of 
plague in the surrounding area was significantly lower than that of the study 
area. The evidence suggests that the epizootic was restricted to the southwest 
end of the San Bruno Mountains. 

The occurrence of fleas on active hosts will indicate the potential for inter- 
change between host species primarily through contacts outside of nests and 
burrows. The degree to which various mammals enter burrows of different 
species is little known. Obviously any such tendency would alter the potential 
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for transfer and provide an opportunity for burrow flea species to become in- 
volved. 

In this fauna, the possible flea exchange between Peromyscus maniculatus and 
Microtus californicus may be severely affected by the host restriction of Opiso- 
dasys nesiotus. Few occurred on Microtus. Since about two thirds of the Peromys- 
cus fleas were Opisodasys, only the remaining third were potentially available 
for transfer to Microtus to any important degree. Most of the few fleas on Reithro- 
dontomys were Opisodasys. The occurrence of these fleas might as easily have 
resulted from transfer from Peromyscus as from breeding colonies in Retthro- 
dontomys nests. Both Malareus telchinum and Catallagia wymani occurred on 
Peromyscus maniculatus and Microtus californicus with comparable frequency 
and provided high potential for exchange. Malareus, through its abundance and 
diversity of hosts, appears to be the primary flea species for potential exchange. 
The role of the burrow fleas Atyphloceras and Hystrichopsylla in host exchanges 
would depend largely on burrow entering tendencies as discussed above. 

All of the wild mammal fleas occurring with appreciable frequency in this 
survey have been recorded naturally or experimentally infected with plague 
(Pollitzer, 1954). Hystrichopsylla, Malareus and Opisodasys have transmitted 
plague in the laboratory. Nosopsyllus fasciatus is at least a fair vector, Leptopsylla 
segnis a poor one. In our present state of knowledge it would not be desirable to 
modify indexes of flea density in terms of vector efficiency except for those from 
house mice. 

Drawing together some of the ecological factors present in the area, their 
relation to the possible spread of disease may be considered. 

1. Intraspecific contacts between segments of host populations are limited by 
the distribution of habitats suitable to the species. For example, in brushy can- 
yons separated by ridges of grassland, there is probably very little contact of 
Peromyscus between canyons. Similarly the Microtus in patches of grassland or 
herbs scattered through expanses of chapparal would be isolated. Various situa- 
tions of this type seem numerous in the area surveyed. 

2. The continuity of distribution of Microtus varies greatly with population 
size even in areas of continuous suitable habitat, and is subject to rapid change. 

3. There are striking differences in the potential for interspecific contacts of 
mammals, and therefore transfer of disease, in various vegetation types due to 
differing habitat preferences of species. The greatest potential for contact may 
often be the interface between two types. 

4. The overall possibility for transfer of plague between mammal species will 
largely depend upon combinations of the potential contact as reflected in relative 
numbers of reservoir species, potential for flea transfer governed by host prefer- 
ences, and densities of fleas. 

5. The possibility of plague transfer to human beings will be affected by the 
distribution of vegetation types in relation to inhabited or utilized areas. Thus 
the portion of the San Bruno Mountains bordering South San Francisco is a 
heavily grazed grassland with low mammal densities. The heavily wooded slopes 
and canyons above Brisbane are in close contact with numerous houses, yet the 
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mammal population is relatively low. Some residential areas in Daly City border 
coastal scrub where mammals are abundant. Possibilities of contact with domestic 
rat populations, as on the hog farms, similarly depend on the nature of the ad- 
joining habitat. 

The effects of poisoning appeared to differ according to area and species. The 
only noteworthy result was the transient reduction of the large Microtus popula- 
tion in Area 25. Slightly more than two months later, mouse numbers appeared 
to have returned to about their former level except for the declining Peromyscus 
numbers in Rivera Canyon. There was a decided increase immediately after 
poisoning in the average number of fleas per host and the per cent of hosts bearing 
fleas. It may be suspected that where the number of hosts is reduced, fleas will 
be more active in seeking new hosts, thereby increasing the potential for contact. 
On the basis of a critical analysis of these survey data, including the revelation 
of plague immediately after poisoning, it is clearly indicated that the poisoning 
program did not effectively lower the overall rodent population. There is no 
reason to believe that the potential for plague transmission was reduced. The 
thorough suppression of domestic rats from the hog farms and suburban areas 
achieved the desired result of clearing the zone of possible transfer of plague from 
wild mammals to humans. 


SUMMARY 


As a result of a plague epizootic in the San Bruno Mountains, a mammal- 
ectoparasite survey was undertaken in the vicinity in spring, 1954. Trapping 
was conducted in 25 designated areas, using lines of 25 or 50 Museum Special 


snap traps. The principal vegetation types represented were chaparral, coastal 
scrub, woodland and grassland. Small mammals were most abundant in chap- 
arral and coastal scrub, very few in dense woodland or grazed grassland. There 
were often high populations in ungrazed grassland with shrub clumps or tall 
forbs. 

Peromyscus maniculatus was the most abundant and widespread species. 
teithrodontomys megalotis occurred infrequently but was negatively correlated 
with the abundance of P. maniculatus. The overall population of Microtus 
californicus was low and colonies were scattered; greatest abundance was in 
ungrazed grassland with forbs or shrub clumps. Other species taken were Pero- 
myscus californicus, Mus musculus, Thomomys bottae, Rattus norvegicus, Sorex 
trowbridgei, and Sorex vagrans. There were many Rattus norvegicus on hog farms 
adjoining the U.S. P. H. 8. study area. 

Fifteen species of fleas were obtained in the survey. Opisodasys keenit was 
predominant on P. maniculatus. Malareus telchinum was predominant on Mi- 
crotus californicus but was also abundant on P. maniculatus and was generally 
the most ubiquitous flea species. Catallagia wymani occurred frequently on P. 
maniculatus and M. californicus. Hystrichopsylla sp. and Atyphloceras multiden- 
tatus were important primarily as nest fleas of M. californicus and probably of 
Peromyscus. Rattus norvegicus trapped from hog farms bore almost entirely 
Nesopsyllus fasciatus. 
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No effect of habitat differences was apparent for fleas on P. maniculatus. 
Differences in the degree of non-randomness of flea distribution on various host 
species are discussed. Frequency indexes for the presence of flea species on differ- 
ent host species are calculated as a measure of host specificity. The specificity of 
most of the prominent fleas was low. Microtus californicus is considered a key 
species in promoting flea exchange. 

Two positive pools were obtained by us, one in Rivera Canyon about 34 mile 
from the study area, and one following control operations on the ridge above the 
study area. It is suggested that the epizootic must have been essentially limited 
to this vicinity. After the initial survey, poison grain was distributed by air over 
about 500 acres. The results were evaluated by the use of repeated traplines. 
Apparent reductions of from 25 to 80 per cent were registered in four different 
areas. Microtus was most severely affected. Trapping about two months later 
showed that populations had generally regained their previous levels. Reithro- 
dontomys displayed a striking and unexplained increase. The density of fleas on 
hosts increased sharply immediately after poisoning. The poisoning operation 
was apparently ineffective in reducing the plague transmission potential among 
wild rodents. Rats were successfully controlled on the hog farms. 

The role of habitat distribution is emphasized in governing interspecific host 
and flea contacts, continuity of distribution of host populations and potential 
for the contact of native mammals with humans and domestic rats. 
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GEOGRAPHIC DISTRIBUTION OF AUSTRALORBIS GLABRATUS, 
THE SNAIL INTERMEDIATE HOST OF SCHISTOSOMA 
MANSONI IN PUERTO RICO 


DAVID PIMENTEL! anp PAUL C. WHITE, Jr.? 


Communicable Disease Center, Bureau of State Services, Public Health Service, 
Savannah, Georgia 


This investigation, combining a study of the ecological distribution of Austra- 
lorbis glabratus, the snail intermediate host of Schistosoma mansoni, and a study 
of S. mansoni, was designed to associate these two species with certain types of 
geographic regions in Puerto Rico. 

A. glabratus like other species of animals have specific environmental require- 
ments and if these requirements are not met by a habitat the snail will not 
exist. Naturally, if the snail intermediate host does not occur, the parasite will 
usually not be present. On the relatively small island of Puerto Rico (3,421 sq. 
miles), there are a surprising number of diverse environments. Physiography is 
probably the most important cause for this diversity. 

While temperatures as a whole are tropical, there are many climatic differ- 
ences. ‘“Temperatures are relatively uniform for the whole island, except for the 
ten degree difference in annual averages between coastal stations and mountain 
places at an altitude of 3,000 feet’”’ (Pico, 1950). The Weather Bureau has never 
recorded less than 4° or higher than 39° C. Rainfall over the island varies mark- 
edly. Ensenada in the southwest receives 30.68 inches annually and is arid while 
La Mina, a mountain rain-forest station in the northeastern Sierra de Luquillo 
receives 188.17 inches annually. 

Puerto Rico has been subdivided (Figure 1) into 23 physiographic-climatic 
regions for this treatise (after Meyerhoff, 1933 and Pico, 1950). Physiography 
was the more important factor in determining the subdivisions. 

The distribution of A. glabratus is based on information obtained at 421 
stations visited from March 1953 through May 1954. The incidence of S. man- 
soni infections in A. glabratus was determined from an examination of snails 
taken from 73 well distributed stations. Infections were detected by crushing 
the snails and examining them for cercariae or by holding the snails three days 
and then checking for the liberation of cercariae. References to S. mansoni in- 
fections in human beings were provided in part by surveys conducted from 
October 1952 through June 1954 by White, Pimentel, and Garcia (1957) and 
from published literature (Hoffman and Faust, 1934; Weller and Dammin, 1945). 

The data for the geographic distribution of A. glabratus and S. mansoni in 
Puerto Rico were organized so as to permit the study of the various habitats 
according to type of aquatic environment, physiographic region, and climatic 


1 Present address: Department of Entomology and Limnology, Cornell University, 
Ithaca, N. Y. 
2 Present address: 2405 Williams Lane, No. 6, Decatur, Georgia. 
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Fig. 1. Distribution of Australorbis glabratus in different physiographic and climatic 
regions in Puerto Rico. [Regions after Meyerhoff (1933) and Pico (1950)]. 

Reprinted from the paper ‘‘Distribution and prevalence of human schistosomiasis in 
Puerto Rico in 1953’’, By Paul C. White, Jr., David Pimentel and Felix C. Garcia, Am. J. 
Trop. Med. & Hyg. 6: 715-726. 


belt, as well as according to the ecological distributions of A. glabratus and S. 
mansoni in relation to the presence of man. 


RESULTS AND DISCUSSION 


Aquatic environment. In this survey the number and type of water bodies 
examined were as follows: 6 lagoons, 3 lakes, 17 ponds, 9 reservoirs, 10 sink 
holes, 158 rivers, 152 streams, 38 drainage canals, 17 irrigation canals, 8 irriga- 
tion impoundments, and 3 marshes. 

A number of lagoons are found along the shore line of Puerto Rico. The 
salinity of the lagoons (estimated as 10 per cent or more sea water) was too 
high for A. glabratus to survive. This is much lower than the admixture of 25 
per cent seawater reported in laboratory experiments in France by Brumpt 
(1941) as too high for the snails. 

Puerto Rico has few natural fresh-water lakes, but 2 of the 3 surveyed con- 
tained populations of A. glabratus. None of the snails recovered from the lakes 
were infected with S. mansoni. This was probably due to the isolated location 
of the lakes and the small number of human beings in the immediate vicinity. 

Temporary ponds did not support A. glabratus populations, but many of the 
numerous permanent ponds distributed over the island contained this snail. In 
only one case was it found infected with S. mansoni, and in this pond 75 per 
cent of the snail population was infected. This pond, used to water stock on a 
farm at Sabana Llana, was dangerous to the farm family but did not endanger 
the community. Many of the small ponds drain into streams and rivers and can 
serve as points of snail infestation for them, but because of their isolated loca- 
tions the ponds seldom were contaminated with infected human wastes. 
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Many limestone sink holes located in the northerly, heavy-rainfall area of 
Puerto Rico contained noninfected A. glabratus, but are probably no more 
dangerous than ponds in the transmission of schistosomiasis, for they are far 
removed from possible contamination. 

The majority of the reservoirs investigated contained no significant numbers 
of A. glabratus, or any evidence of their using the reservoirs as permanent 
habitats. The water level in most of them fluctuated markedly and this factor 
alone probably made them unsuitable for A. glabratus. In only one reservoir, on 
the Rio Grande de Loiza, was the snail found in large numbers. Occasionally a 
snail or two were found in other reservoirs but these undoubtedly were washed 
in from upstream regions, for the snails were found among the roots of water 
hyacinth, Piaropus crassipes, and similar floating plants. No S. mansoni-infected 
A. glabratus were detected in any of the reservoirs, and their importance in the 
epidemiology of schistosomiasis is apparently slight. 

Low gradient rivers, located in otherwise suitable physiographic and climatic 
regions of Puerto Rico, contained many A. glabratus. Sewage wastes from nearby 
towns are dumped into these rivers and make them especially well suited for 
supporting large populations of snails. An example of this was in Comerio where 
the town sewage was dumped into the Rio de la Plata and many infected snails 
were found. 

Streams are the most abundant type of water body found in Puerto Rico and 
are well distributed throughout the island. The majority of these streams in 
favorable physiographic and climatic regions contained snails. Sewage of all 
types is dumped into these streams, thus increasing A. glabratus populations 
and their chance of infection with S. mansoni. The rural villages are built close 
to these streams and the water is used for drinking and washing. Streams are 
considered to have the highest infestation rate of S. mansoni in Puerto Rico. By 
and large they provide an ecological situation favorable for the snail, and, be- 
cause of their location and use, S. mansoni infestations are easily maintained. 

Both drainage and irrigation canals provide excellent habitats for A. glabratus. 
With the exception of the canals examined in southwestern Puerto Rico, the 
majority of the canals surveyed contained A. glabratus. The water in the canals 
is relatively permanent, slow-flowing, and usually contains abundant organic 
material. Although many A. glabratus were present, in only one case were they 
infected with S. mansoni. Sewage and other wastes are seldom dumped into 
canals, but human beings might easily defecate near the canals and thereby 
infect the snail population. In general, neither drainage nor irrigation canals 
seem to be an important factor in the epidemiology of schistosomiasis. 

Seven of the eight irrigation impoundments studied contained no A. glabratus. 
Most of these impoundments are located along the arid south coast, which is 
not well suited to the production of the snail. Probably for these reasons the 
impoundments were not infested with S. mansoni. 

Marshes border most of the lakes, ponds, rivers, and streams and if A. gla- 
bratus occurred in the body of water, it was usually found in the peripheral 
marshes. Such marshes presented the same potential schistosomiasis danger as 
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the water bodies with which they were associated. A. glabratus was also found 
in three large marshes which were not part of another water body. These marshes 
were not considered important in the spread of schistosomiasis, however, because 
of their isolated location and the small number of human inhabitants in the 
vicinity. 

Physiographic regions. The physiography of Puerto Rico is diversified and 
consists of many types of rock and land forms. For evaluating data obtained in 
this study, four general geological divisions were made: Cretaceous volcanic rock, 
Cretaceous sedimentary rock, Tertiary limestone, and alluvium. 

Few A. glabratus were found in water bodies located in the regions of Cretace- 
ous voleanic and sedimentary rock, where the relief was rugged (Regions T, X, 
Y, Q, M, K, and U in Figure 1, Table 1). These mountainous areas receive heavy 
rains much of the year and some like El Yunque are covered with tropical rain 
forest. Due to the ruggedness of the topography and steep slopes, the streams 
and rivers are fast flowing. The rapid flow of water in these streams and the bed 
rock over which they flow limit the biota to a few species of insects, fish, and 
algae. The regions are generally not suited for A. glabratus, and the few found 
were located in lateral pools adjoining the streams and rivers. Relatively few 
human beings inhabit these regions, and none of the snails were found infected. 

Large populations of A. glabratus exist in the water bodies which flow over 
Cretaceous sedimentary rock when the topography consists of gently rolling 
hills with other aspects similar to alluvial regions (Regions F, February—April, 
1953, and C, March-April, 1954, in Figure 1, Table 1). While no snails were 
found positive for S. mansoni in regions F and C,* human schistosomiasis was 
abundant (Table 1 and Figure 2) (White ef al., 1957). A high infection rate in 
human beings in the absence of infected snails is not exceptional, since the for- 
mer may harbor the parasite for 20 years and longer (Manson-Bahr, 1941). 
A. glabratus with mature infections pass cercariae as long as they remain alive; 
snails with light infections of S. mansoni survive for about 6 months while those 
with heavy infections die in a shorter time (Faust and Hoffman, 1934). Thus 
infection rates in snail populations change rapidly while human infection rates 
change slowly, so that at any given time an area may have a high human infec- 
tion rate and still have few or no snails infected. In a settlement located along 
the Rio Bairga, 78.6 per cent of the school children were found infected with 
S. mansoni, while in two monthly surveys made concurrently no snails were 
found infected in the river (White ef al., 1957). Not until the third monthly 
survey and a total of 1,352 snails had been examined, were a few infected snails 
detected. In the Patillas municipality only 0.08 per cent of the 5,000 snails was 
infected while 27 per cent of the human population was positive for S. mansoni. 
Since snail infection rates may vary widely within a short period of time, they 
are at best a limited indicator of the incidence of human infections in a given 
area. 

The Tertiary limestone regions (Regions A and § in Figure 1, Table 1) sup- 


* Infection of snails with S. mansoni determined by collecting 100 specimens at each 
location where a road crossed the stream in the municipality surveyed for human infections. 
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ported some A. glabratus in sink holes, but because of the marked permeability 
of the limestone few permanent water bodies occur. No snails were present in 
the arid limestone-region J (Figure 1, Table 1). Generally, few A. glabratus were 
present in regions A and §S and none of these were infected. Most human beings 
examined for S. mansoni in the limestone regions were negative (Figure 2). 

Alluvium occurs as both coastal and inland deposits. Many A. glabratus were 
found on the large coastal deposits when climatic conditions were suitable 
(Regions B, D, and G in Figure 1, Table 1). A relatively large A. glabratus 
population was recorded for region H (Figure 1, Table 1) even though this large 
deposit is located in an area with seasonal rainfall. The majority of the snails 
inhabited a large swamp near Mayaguez. The southern alluvial deposits (Regions 
H and I in Figure 1, Table 1) with an unfavorable climate contained no A. 
glabratus. 

S. mansoni infection in snails was generally high for alluvial regions B, D, and 
G, while for region N it was low; no infected snails were found in regions H and 
I (Table 1). Human infections were variable for these regions (Figure 2, Table 
1). This is to be expected, since the incidence of schistosomiasis varies according 
to the activities and location of human beings in relation to existing water 
bodies. 

The smaller coastal alluvial deposits such as region E (Figure 1, Table 1), 
located in a favorable climatic belt, were not large enough to moderate the 
surge of water from the surrounding steep mountain slopes. This flushed A. 
glabratus from many of the water bodies. Such an effect on the coastal alluvial 
deposits in the western portion of the island was exaggerated because of the 
seasonal rainfall (Regions O, H, and P, in Figure 1, Table 1). With the limited 
A. glabratus populations on these coastal alluvial deposits, the S. mansoni infec- 
tions were correspondingly low (Figure 2, Table 1). 

The large inland alluvial deposits were ideal for A. glabratus (Regions V, W, 
and L, in Figure 1, Table 1). In contrast, the small inland alluvial deposits 
scattered through regions T, X, Y, and M (Figure 1, Table 1) were not well 
suited for A. glabratus. Snails were not usually abundant on these small deposits 
because the rain from the surrounding steep slopes effectively flushed these 
regions. During years of low rainfall the environmental conditions became more 
suitable for A. glabratus (Pimentel and White, in manuscript). 

Both large and small inland alluvial deposits were ideal for the presence of 
schistosomiasis (Figure 2, Table 1). Snail and human infections were usually 
high in these regions with the exception of M and L. The heavy infection rates 
in human beings for regions X and Y (Figure 2) were due to the large number 
of scattered alluvial deposits. The reason for the higher rate of infection in man 
and snails in these inland valleys was that both snails and human beings were 
crowded on the small alluvial river valleys. As previously stated, during the 
years of low rainfall, it is probable that large snail populations abound and an 
appreciable number of human beings become infected with S. mansoni. Only one 
exposure to heavily infected water is needed to produce a severe case of schisto- 
somiasis which, in turn, results in parasite eggs being passed from the infected 
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TABLE 1 


The distribution of Australorbis glabratus and Schistosoma mansoni populations in various 
physiographic regions, climatic regions, and aquatic environments in Puerto Rico, 
during the period March, 1968, to May, 1954 





Physiography 


Climate 


| | 
| S. geomet | 
Aquatic Abundance of infections : 
environment A. glabratus' Pa | | Regions? 
| Human? | 





Voleanic and 
sedimentary 
rock, Creta- 
ceous, in- 
land, large 
deposit 


Volcanic rock, 
Cretaceous, 
coastal large 
deposit 

Volcanic rock, 
Cretaceous 
inland, large 
deposit 


Sedimentary 
rock, Creta- 
ceous coastal 
large deposit 


Limestone 
Tertiary, 
coastal, 
large deposit 


Limestone, 
Tertiary, in- 
land, large 
deposit 


|Humid, rain- 


60-80 inches 
per yr. 


Humid, rain- 
fall spo- 
radic, 60-80 
inches per 
yr. 

Subhumid, 
rainfall con- 
stant, 45-60 
inches per 


yr. 

Arid, rainfall 
constant, 
30-45 inches 
per yr. 

Rainy moun- 
tain, rain- 
fall con- 
stant, 175 
inches per 
yr. 

| Humid, rain- 

fall con- 

stant, 60-80 

inches per 

yr. 

Subhumid 

rainfall con- 

stant, 45-60 

inches per 

yr. 

Arid, rainfall 

constant 30- 

45 inches per 

yr. 

Humid, rain 

fall con- 

stant, 60-80 

inches per 

yr. 





fall constant, 





[Many rivers, (Great in F \Heavy in F 
| streams, and| and sparse | and light 
| ponds,—few | in T, X, and} in T, X, | 
| reservoirs | Y andY | 


iF, T, X, ¥ 
| 


| | 
\Many rivers, | 
streams, and | 


ponds 


| 


Q 


| | 
None i | 
| 


| 
| | 
IMany rivers, Sparse 
| streams, and 
ponds,—few | 
reservoirs | 


M 


| 
No permanent |None 
water bodies 


Many rivers, (None 
streams, and | 


ponds 


Many rivers, 
streams, and 
ponds—iew 
lagoons and 
marshes 

Few rivers, ir- 

rigation 

canals lime- 
stone sink | 
holes 

No permanent \None 

water bodies 


Great 


Sparse 





Few rivers, Medium 
streams, 
limestone 
sink holes, 


reservoirs 




















TABLE 1.—Continued 





Abundance of 
| A. glabratus' 


Aquatic 


li 7 
Climate environment 


Physiography 


S. mansoni 
infections 


Human* 


Regions? 





Alluvium, 
coastal, 
large deposit 


Humid, rain- {Many rivers, |Great 
fall constant | streams, 
° ve | 
60-80 inches | ponds, drain- 
| 


Alluvium, 
coastal, 


small deposit | 


Alluvium, in- 
land, large 
deposit 


Alluvium, in- 
land, small 
deposit 


per yr. 





| 


‘Humid, rain- 
fall sporadic 


| 60-80 inches | 


per yr. 


Arid, rainfall 


constant 30- | 


45 inches 
per yr. 


| 

| 

Humid, rain- 
fall con- 
stant, 60-80 
inches per 
yr. 

‘Humid, rain- 

| fall, spo- 

| radic, 60-80 
inches per 

| yr. 

‘Humid, rain- 

fall con- 

| stant, 60-80 
inches per 


| yr. 

\Subhumid, 

| rainfall con- 

| stant 45-60 

| inches per 
yr. 

Humid, rain- 


fall constant,) streams, . nd 


| 60-80 inches 
per yr. 
iSubhumid, 

| 


rainfall, con-| 


| stant 45-60 
| inches per 
| yr. 


| age canals— 

| few lakes, 

| lagoons 

(Many rivers, 

| streams, 

ponds, drain 

| age canals— 

| few lagoons, 

| marshes 

\Many irriga- 

| tion canals 
and im- 
poundments 
—few rivers, 
streams, 
lagoons 

\Few rivers 
and streams 


|Few streams 


Many rivers, 
streams, 
ponds 


Many drain- 
age canals, 
lakes, 
marshes— 
few streams 

Many rivers, 





| ponds—few 
| reservoirs 
(Many rivers, 


| ponds—few 


reservoirs 


streams, and 


Sparse in O 
and R and 
great in N 


None 


Great 


Sparse (occa- 
sionally 
great) 


Sparse (occa- 
sionally 
great) 





Moderate 

| in B and 
heavy in 
D andG 


\Light 














B, D, G, 


Scattered 
through 
sections 
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1 See Figure 1 for A. glabratus abundance and distribution. 


2 See Figure 2 for incidence and distribution of human schistosomiasis. 
* See Figure 1 for regions. 
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Fic. 2. Human schistosomiasis incidence in different physiographic and climatic regions 
in Puerto Rico. [Map constructed from data obtained from Faust and Hoffman (1934), 
Weller and Dammin (1945), and White, et al. (ms.)]. 


individual for many years. Because of the close association of the human beings 
who inhabit these valleys with the water bodies, S. mansoni eggs are easily re- 
turned to the streams and rivers to infect the snails. In some mountain alluvial 
valleys the snails may seem to disappear when A. glabratus populations are 
studied for a year or even up to 3 years (Pimentel ef al., in manuscript). When, 
however, environmental conditions again become suitable, the snails repopulate 
the area and can be infected with S. mansoni from human beings still passing 
eggs as a result of infections incurred several years previously. 

Climatic regions. The humid regions with 60 or more inches of rainfall evenly 
distributed over the year were found the most ideal climatically for A. glabratus 
if physiographic conditions were also suitable, (Regions F, C, B, D, G, V, and 
W, in Figure 1, Table 1). In general, both A. glabratus and human beings were 
moderately to heavily infected with S. mansoni in these humid areas (Regions 
F, X, Y, C, B, D, G, R, V, and W, in Figure 2, Table 1). 

Humid regions with 60 or more inches of seasonal rainfall (Regions O and R 
in Figure 1, Table 1) are not well suited for A. glabratus, even when good physi- 
ographic conditions prevail. For example, the area at Mayaguez receives 80 per 
cent of its total annual rainfall within 7 months, May through November. Most 
of the coastal valleys in this belt are small and when a considerable amount of 
rain falls in a short time, the water comes rapidly off the steep mountain slopes 
and effectively flushes the streams and rivers. A. glabratus is not well adapted to 
flushing action (Pimentel and White, in manuscript). Region N (Figure 1, 
Table 1) did harbor snails but the majority of the snails found were located in a 
protected marsh near Mayaguez. Note also that S. mansoni was not prevalent 
in either snails or human beings in the area of concentrated heavy rainfall 
(Figure 2, Table 1). 

Regions with 45 to 60 inches of rainfall evenly distributed during the year were 





GEOGRAPHIC DISTRIBUTION OF AUSTRALORBIS GLABRATUS 1095 


suitable for A. glabratus if physiographic conditions were likewise suitable (Re- 
gion L in Figure 1, Table 1). S. mansoni infections in snails and human beings 
were low, but this was probably because the water bodies were mainly lakes and 
marshes. These bodies of water are located away from communities and not 
used by man as a source of water (Iigure 2, Table 1). 

No A. glabratus occurred in the arid regions in which rainfall ranged between 
30 and 45 inches per year, even when suitable physiographic conditions were 
present (Regions H and I in Figure 1, Table 1). In these regions none of the 
permanent streams or irrigatior. canals and impoundments contained A. glabra- 
tus. The reason for this is not known Without A. glabratus at any time, of course 
S. mansoni was absent (Figure 2, Table 1). 

Host-parasite relationship. A. glabratus populations are influenced by S. man- 
soni and man. S. mansoni infections are fatal to A. glabratus (Faust and Hoff- 
man, 1934). This effect, however, is limited since usually only a small percentage 
of the total A. glabratus population inhabiting a specific water body is ever 
affected. Man’s practice of dumping sewage into adjacent streams and rivers 
may have two effects on snail abundance. If the waste is sufficiently concen- 
trated, the snail population may be eliminated (Pimentel and White, in manu- 
script). More often, the sewage is present in concentrations which enhance the 
A. glabratus population by providing food. Such populations thrive and simul- 
taneously are infected by any S. mansoni egg-contaminated wastes which are 
disposed of in streams. 

S. mansoni populations are influenced by both A. glabratus and man. If either 
A. glabratus or man is not present, S. mansoni will not survive. Man’s activities 
also expose himself and the snail to infection. Sewage from human communities 
dumped into streams may contain S. mansoni eggs and the miracidia infect A. 
glabratus. Privies located close to streams also facilitate the spread of infection. 

Man is solely responsible for infecting himself with S. mansoni. Inadequate 
waste disposal easily contaminates water bodies. In Puerto Rico children and 
adults swim in the streams and the country women wash clothes in the water, 
thus exposing themselves to the S. mansoni cercariae if they are present. In the 
rural areas, the paths used by human beings frequently lead through streams and 
rivers, as there are few foot bridges. Often, because of inadequate community 
water supply, drinking water is obtained from infected streams. Thus, it should 
be emphasized that human activities and sanitary practices play a vital role in 
the relationship of man to both A. glabratus and S. mansoni. 


SUMMARY 


An evaluation of the ecological distribution of A. glabratus and S. mansoni 
in Puerto Rico was made, based on information obtained at 421 stations visited 
from March 1953 through May 1954. 

The density of the A. glabratus population depended generally on the type of 
surface water. Large bodies of standing water afforded an unsuitable environ- 
ment whereas all types of running water and associated marshes, as well as 
small ponds and water collections, abounded with snails. The geological forma- 
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tion was also an important ecological factor both physically and chemically, the 
inland alluvial deposits being ideal for the snail. The third most potent factor 
was rainfall, of which the pattern of distribution throughout the year was more 
important than the amount. Even distribution was favorable, but concentrated, 
heavy rain flushed the snails out of the streams. 

The amount. of infection of snails and men with S. manson? was correlated on 
the one hand with the density of snails, and on the other with the degree of 
pollution of surface water by human excreta and the various ways in which 
man exposed himself to infection through contact with the contaminated water. 
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AN IMMUNOLOGICAL INVESTIGATION OF RATTLESNAKE VENOMS 
BY THE AGAR DIFFUSION METHOD 


SHERMAN A. MINTON, Jr. 
Department of Microbiology, School of Medicine, Indiana University, Indianapolis, Indiana 


The precipitin test carried out in a gel medium provides a valuable tool for 
the analysis of complex mixtures of antigens in natural substances. In the present 
study, this method has been employed for immunological comparison of the 
venoms of certain species of rattlesnakes. The rattlesnakes form a comparatively 
well known, easily recognized and medically important group. According to 
Klauber (1956) it consists of the genus Sistrurus with 3 species and 7 subspecies 
and the genus Crotalus with 27 species and 59 subspecies. Venoms of 2 species 
of Sistrurus and 12 species of Crotalus have been studied. 


MATERIALS AND METHODS 


Most of the venom samples were obtained from snakes in my possession. In 
cases of the larger species, venom was collected in conical bottomed tubes, freed 
of cellular debris and other particulate matter by centrifugation, pipetted into 
watch glasses and dried in a desiccator. Venoms of the smaller species were col- 
lected in watch glasses and dried without centrifugation. Some of the dried 
venom samples used were obtained from commercial sources, and the exact 
manner of their preparation is not known. In my laboratory, the dried venom 


samples were stored in sterile glass vials over anhydrous calcium sulfate at a 
temperature of about 7° C. For use in the agar diffusion reactions, the dried 
venom was dissolved in normal saline buffered to pH 7.0. A concentration of 
5 mg. of venom per milliliter of diluent was used in most of the tests. Venom- 
saline solutions were cleared of precipitate by centrifugation if necessary. If not 
used at once, these solutions were stored in a low temperature cabinet at about 
—15° C. Repeated freezing and thawing of solutions was generally avoided. 
Information concerning the venoms studied is summarized in Table 1. 

Precipitin sera were prepared by immunization of rabbits with venom com- 
bined with a mixture of Arlacel A (Atlas Powder Co.) and Bayol F (Penola Oil 
Co.) after the method of Cohn (1952). The Arlacel and Bayol F combination 
evidently retards absorption sufficiently to prevent significant toxic reactions 
even when a highly toxic venom such as that of Crotalus durissus terrificus is 
used for immunization. Animals were given 4 to 6 weekly subcutaneous injec- 
tions of 2 to 5 mg. of venom followed by a month’s rest. At the end of this time 
their sera usually gave a positive precipitin reaction with solutions containing 
0.001 mg. of venom per milliliter and were considered satisfactory for the agar 
diffusion reactions. Good precipitin titers could be maintained by the rabbits 
for at least a year if periodic booster injections were given. Antisera were pre- 
pared in this manner against the venoms of Crotalus adamanteus, C. atroz, C. 
durissus terrificus, C. horridus, C. viridis, Sistrurus catenatus and Agkistrodon 
contortrix. 
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TABLE 1 


Source, size, and age of venom samples tested 





Species of snake 


Locality of collection 


| specimens in 


Number of Time between 
venom collection 


sample and testing 





Eastern diamondback rattlesnake 


Crotalus adamanteus 


Western diamondback rattlesnake 


C. atroz 
Red rattlesnake 
C. ruber 
Sidewinder 
C. cerastes 
Mojave rattlesnake 
C. scutulatus 
Western rattlesnake 
C. viridis* 
Mitchell’s rattlesnake 
C. mitchelli 
Brazilian rattlesnake 
C. durissus terrificus 
Colombian rattlesnake 
C. durissus ssp. 
Mexican green rattlesnake 
C. basiliscus 
Blacktailed rattlesnake 
C. molossus 
Timber rattlesnake 
C. horridus 
Rock rattlesnake 
C. lepidus 
Pigmy rattlesnake 
Sistrurus miliarius 
Massasauga 
S. catenatus 


| 
! 


Silver Springs, Fla. 


Big Bend Region, Tex. 


San Diego Co., Calif. 


Borrego Desert, Calif. 


Big Bend Region, Tex. 


San Diego Co., Calif. 
San Diego Co., Calif. 
“Brazil’”’ 
“‘Colombia”’ 


‘‘Mexico’’ 


Big Bend Region, Tex. 


Southern Indiana 


Big Bend Region, Tex. 


Southern Georgia 
North Florida 
Northern Indiana 





unknown | 40 wine 
10 | 18 months 

2 | 30 months 

| 10 months 

16 months 

| 10 months 

1 10 months 
unknown 3 months 
unknown | 6 months 
unknown months 
| 18 months 
50 months 

| 16 months 


28 months 


| 15 months 





* C. viridis has so wide a range that there may be subspecific differences in the venoms. 
The venom of the subspecies helleri was used in the experiments reported here. 


In one series of experiments the precipitin serum used was the Antivenin 


Crotalidae Polyvalent (Wyeth Laboratories). This serum is produced by immu- 
nization of horses with the venoms of Crofalus adamanteus, C. atrox, C. durissus 
lerrificus, and Bothrops atrox. Details of its preparation have been given by 
Criley (1956). 

The agar diffusion technique used is essentially that of Ouchterlony as modi- 
fied by Grasset ef al. (1956). A 1.5 per cent solution of clear agar is prepared in 
normal saline buffered to pH 7.5, and merthiolate is added to make a final con- 
centration of 1-10,000. Twenty five ml. quantities of this agar are dispensed in 
Petri plates. When the plates have hardened, wells are cut in the agar and a 
drop of melted agar is placed in each one and allowed to harden, thus sealing 
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the bottom of the well from the glass. In my experiments the wells are 9 mm. 
in diameter, and their centers are separated by a distance of 25 mm. in the 4-well 
plates and 30 mm. in the 5-well plates. Approximately 0.15 ml. of serum or 
antigen is pipetted into the appropriate wells. The p'ates are held at room tem- 


perature and observed dai'y for 12 to 14 days. Observations are made in a partly 


darkened room with the plate illuminated obliquely from below. 

Principles governing the behavior of antigen and antibody in double diffusion 
precipitin reactions have been discussed by various workers, particularly 
Ouchterlony (1949), Oudin (1952), and Jennings and Malone (1954). In the 
Ouchterlony technique as I have carried it out, the antiserum is placed in the 
central well and the venom solutions in the peripheral wells. As the individual 
components or antigens of the venom diffuse toward the center, bands of precipi- 
tate develop along zones of contact between optimal proportions of the individual 


Fia. 1. Immunogram produced by venoms of 5 species of rattlesnakes run against Ameri 
can crotalid polyvalent antiserum. The species are: Crotalus ruber (C R), C. molossus 
(C Mo), C. horridus (C H), C. viridis (CVH), and C. cerastes (C Cr). Photographed on 7th 


day. 
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antigens and antibodies. At room temperature these bands begin to appear in 
48 to 72 hours and migrate toward the central well during the following days. 
Evidence indicates that antigens present in the highest concentration in the 
original material produce the bands that appear first and migrate most rapidly. 
The width and density of the bands evidently depend upon the solubility of the 
antigen-antibody complex in excess of either material. The maximum number 
of bands generally is seen between the 7th and 10th days and indicates the mini- 
mum number of antigens present in the venom sample. After the 12th day many 
of the bands are too blurred to be observed further. Fusion of bands from adjacent 
wells indicates immunological identity of the antigens generating them, and 
partial fusion a close relationship. Crossing of bands indicates nonidentity of 
the two components. The polyvalent antiserum produced in horses gives narrower 
and more distinct bands than the antisera produced in rabbits. With the rabbit 
antisera, dilution of the antigen toa concentration of 1 ml. of venom per ml. often 
resulted in better definition of the bands nearest the antibody source; however 
more peripheral bands sometimes failed to develop. Dilution of the antiserum 
1-5 or 1-10 caused a fading of all bands. 


RESULTS 


Preliminary experiments using the conventional interfacial or ring precipitin 
test indicated considerable cross reaction between all antisera and all the rattle- 
snake venoms tested. Venoms of the moccasins (Agkistrodon) also reacted to 
some degree with all the antisera. Venoms of the fer-de-lance (Bothrops atrox) 


and the Indian cobra (Naja naja) showed no reaction in Crotalus or Sistrurus 
antiserum. These antisera likewise failed to give a precipitin reaction with the 


Fic. 2A. Venom of Crotalus mitchelli (C Mi) run against monovalent C. horridus antiserum 
(M) and American crotalid polyvalent antiserum (P). 

Fic. 2B. Venom of C. mitchelli run against American crotalid polyvalent antiserum (Poly) 
and monovalent C. viridis antiserum (CV). 
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blood sera of Crotalus atrox, Agkistrodon contortrix, and 3 species of nonpoisonous 
snakes. 

In a series of 10 experiments involving 30 different combinations of 5 venoms 
with polyvalent antiserum, 4 to 7 bands of precipitate were seen with all of the 
rattlesnake venoms tested. Although the patterns of precipitation were often 
difficult to interpret, it became apparent that certain features were constant for 
each species. The sharing of antigens also was evident (Figure 1). 

These experiments incidentally demonstrate that the American crotalid 
polyvalent antivenin is immunologically polyvalent against the venoms of all of 
the 14 species of rattlesnakes tested and against the venoms of at least four other 
species of pit vipers as well. This does not necessarily imply that it is uniformly 
or highly effective in treatment of bites by all these species. It is possible, indeed 
likely, that some of the antigens that combine with the antiserum play no sig- 


nificant role in the toxicity of the venom. Conversely, the polyvalent antiserum 


may fail to combine with important toxins present in venoms of some species. 

In further work single venoms have been compared successively with a poly- 
valent antiserum and a series of monovalent antisera. In Figure 2A it is seen 
that Crotalus mitchelli venom shows its innermost band of precipitate with the 
polyvalent antiserum but not with C. horridus monovalent antiserum. The next 
3 bands are present on both the monovalent and polyvalent sides and evidently 
represent antigens shared by mitchelli and horridus. The fifth band is present 
only on the polyvalent side and represents an antigen not shared with horridus. 
igure 2B shows mitchelli venom compared with the polyvalent antiserum and 
monovalent C. viridis antiserum. Again the innermost band is present only with 
the polyvalent antiserum, hence it must represent an antigen not shared with 
either horridus or viridis but shared with one of the 4 species whose venoms are 


Fig. 3A. Venom of Crotalus scutulatus (C Se) run against American crotalid polyvalent 
antiserum (Poly) and monovalent C. viridis antiserum (CV). 

Fig. 3B. Venom of C. scutulatus run against monovalent Agkistrodon contortriz antiserum 
(AC) and monovalent ©. viridis antiserum (CV). The ‘“‘D Band” is indicated by arrows. 
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Fia. 4. Venoms of S’strurus catenatus (S C upper) and Crotalus lepidus (C L) run against 
American crotalid polyvalent antiserum (Poly) and monovalent 8S. catenatus antiserum 
(S C). Arrows point to band indicating an antigen not precipitated to the po!yvalent anti 
serum. Photographed on 5th day. 


used in the antiserum production. Again the next three bands appear on both 
sides and represent antigens present in the venoms of mitchelli, horridus and 
viridis. Here the fifth band is present on both sides and represents an antigen 
present in mitchelli and viridis venoms but lacking in horridus venom. Figure 3A 
shows a similar comparison of C. scutulatus venom with the polyvalent anti- 
serum and C. viridis antiserum. Note that 3 of the 4 bands present on the poly- 
valent side are also present on the viridis side. Figure 3B shows only one of the 
3 bands precipitated by viridis serum is precipitated by Agkistrodon contortrix 
antiserum, hence C. scutulatus and A. contortrix venoms appear to have but one 
common antigen. In Figure 4 it can be seen that Sistrurus catenatus antiserum 
gives a heavy band of precipitate with S. catenatus and C. lepidus venoms. This 
band is not seen with the polyvalent antiserum. It therefore represents an antigen 
not present in any of the venoms of the 4 species used in preparation of the poly- 
valent antiserum. In this manner 13 of the 14 venoms were compared with the 
polyvalent antiserum and the various monovalent antisera. The very small 
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sample of Sistrurus miliarius venom was exhausted before these experiments 
were completed. 


DISCUSSION 


As the rattlesnakes themselves form a distinct taxonomic group, so also do 
their venoms show considerable immunological similarity. The greatest number 
of antigenic components has been found in the venoms of Crotalus atrox, C. ruber 
and C. molossus, each containing at least 7 antigens. The lowest number of 
antigens, 4, is seen in the venom of C. durissus ferrificus. The venoms of C. 
scululatus and Sistrurus miliarius likewise contain but 4 identified components, 
however neither has been tested with its homologous antiserum. The probability 
is strong that this procedure would demonstrate additional antigens. Table 2 
shows the number of antigens demonstrated by all the venoms tested in the 
various antisera. 

As shown by fusion of the bands of precipitate, most of the venom antigens 
are shared with at least some of the other species in the group. A truly species- 
specific antigen has not been demonstrated for any form save perhaps Crotalus 
durissus lerrificus. An antigen complex represented by 2 to 4 bands is seen in all 
immunograms in which the polyvalent horse antiserum is used. In the more 
diffuse type of precipitation seen with rabbit antisera, these bands are often un- 
recognizable as distinct zones. I have called this the C (Crotalus) antigen com- 
plex. Antigens of this complex are not precipitated by Agkistrodon contortrix 
antiserum. All rattlesnake venoms except those of C. durisus subspecies evi- 


dently contain an antigen, arbitrarily called D, that is precipitated by A. con- 
lortrix antiserum. This band is nearly always seen on the outer (antigen) side 


TABLE 2 
Number of bands of precipitate produced by rattlesnake venoms in various antisera 


Antisera 


Venoms 
Crot. ad Crot. Crot. d. Crot. Crot Sist Agk. Poly 
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Fig. 5. Venoms of Crotalus durissus terrificus (CDT), C. scutulatus (C Se), Sistrurus 
catenatus (S C), Naja naja (Naj), and C. durissus ssp. from Colombia (CDC). Bands of C. 
d. terrificus venom are numbered in accord with text. Note change in relative position of 
Bands 2 and 3 in the various venoms. Photographed on 5th day 


of the C complex bands. A wide but faint band on the inner (antibody) side of 
the C complex bands is seen with the venoms of C. mitchelli, C. molossus, C. 
basiliscus and C. ruber. It has been seen only with the polyvalent horse antiserum 
but has not been identified with any antigen in the venoms of the 4 species used 
in production of this serum. I have called this the M band. It may be elicited by 
an antigen similar to the endoantigen of Brucella suis that precipitates B. 
melitensis antibody when in lower concentration than the homologous B. meli- 
fensis endoantigen (Kabat and Mayer, 1948). This may also partly explain the 
better neutralization of some snake venoms by a heterologous antiserum than 
by homologous antiserum (Schéttler, 1955). 

Interesting, although puzzling, results were obtained with the venom of the 
Brazilian rattlesnake, Crotalus durissus terrificus. This powerful neurotoxic 
venom is used in the preparation of the polyvalent crotalid antiserum. In reac- 
tions with this serum it consistently produces 4 very distinct bands of precipitate 
(Figure 5). As shown by the presence of fusion or nonfusion, the outermost band 
(band 1) and the innermost band (band 4) are specific for this venom. Band 3 
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is present in the venom of a related form in northern South America as well as 
in the venoms of Crotalus scutulatus and Sistrurus catenatus, all of which show 
decided neurotoxic effects when injected into animals. Band 2 is part of the 
C complex present in the venoms of all rattlesnakes tested. In experiments using 
monovalent sera against venoms of C. horridus, C. viridis, C. adamanteus, C. 
atrox and S. catenatus, the venom of the Brazilian ferrificus shows a single band 
apparently corresponding with band 2 in polyvalent serum. No precipitate is 
seen with ferrificus venom in Agkistrodon contortrix venom antiserum. In ho- 
mologous C. d. lerrificus venom antiserum produced in rabbits, ferrificus venom 
produces a heavy inner zone of precipitate representing the fusion of two or 
more bands, and a sharp outer band. Venoms of C. molossus, C. basiliscus, C. 
scutulatus and S. catenatus with terrificus antiserum give heavy bands fusing 
partly or completely with the inner zone of precipitate produced by ferrificus 
venom. Venoms of C. atrox and C. adamanteus in terrificus antiserum produce ¢ 
narrow band partly fusing with the outer band produced by ferrificus venom. 
Venoms of C. horridus, C. viridis, C. mitchelli, C. ruber, C. cerastes and C. lepidus 
gave no reaction in /errificus antiserum. It is noteworthy that the venom of the 
Mexican moccasin, Agkistrodon bilineatus, gives a pattern of precipitation with 
lerrificus antiserum that is much like that given by ferrificus venom itself. Venoms 
of the North American moccasins, A. contortrix and A. piscivorus, show single 
bands with /errificus antiserum. These partly fuse with the inner band produced 
by ferrificus venom. The venom of ferrificus produces no reaction in A. contortrix 
antiserum. The nonreciprocal type of cross reactions seen with the venoms of 
C’. viridis, C. horridus, C. d. terrificus and A. contortrix are also seen in other types 
of antigen-antibody systems (Kabat and Mayer, 1948). One hypothesis is that 
3 antigens (B, B’ and B”) of similar but not identical configuration occur in the 
venoms of horridus, viridis, terrificus and contortrix respectively. The b antibody 
produced in response to B antigen will form a precipitate with B’ antigen under 
the conditions of the experiment, but b’ antibody will not combine with B anti- 
gen to give a precipitate under these conditions. However, b’ antibody will 
precipitate with the B” antigen of A. contortrix venom, although b” antibody 
will not precipitate B’ antigen. 

The rather primitive small rattlesnakes, Sistrurus catenatus, S. miliarius and 
Crotalus lepidus, evidently have a venom antigen shared only with C. horridus 
and C. molossus among the larger rattlesnakes. There is good reason to believe 
the strongly neurotoxic venoms of C. durissus, C. scutulatus and S. catenatus 
have a common antigen not shared with other species of rattlesnakes. Most of 
the venom samples show | to 3 bands that cannot be associated with any of the 
above antigens or groups of antigens. 

This serological study of rattlesnake venoms throws little light on the problems 
of phylogeny within the group. The presence of the Crotalus neurotoxin is believed 
to be of some phylogenetic significance (Amaral, 1929). If my observations are 
correct, however, this toxin occurs in three distinct phylogenetic lines. It is 
possible that certain evolutionary sequences may be demonstrable when venoms 
from some of the primitive Mexican forms (e.g., Sistrurus ravus, Crotalus stejne- 
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geri, C. polystictus) are examined. The antigenic relationship between rattlesnake 
venoms and the venoms of other groups of snakes is still largely uninvestigated. 
Grasset ef al. (1956) found that the venoms of C. d. terrificus and C. atrox showed 
a single band of precipitate in an antiserum against the venoms of Naja flava, 
the Cape cobra, and Bitis arietans, the puff adder. They found no precipitation 
of either Crotalus venom by Naja naja (Indian cobra) antiserum. My experi- 
mental data show an immunological relationship between the venoms of the 
rattlesnakes and those of the North American moccasins. The D antigen occurs 
in the venoms of all the moccasins tested and most of the rattlesnakes. A second 
antigen is found in the venoms of C. d. lerrificus, Sistrurus calenatus, and Agkis- 
trodon bilineatus. There is some evidence an additional antigen is shared by A. 
contortrix, A. piscivorus and C. atrox. A more detailed discussion of antigenic 
relationships between the venoms of rattlesnakes and moccasins is deferred until 
further studies on the venoms of Agkistrodon have been completed. 


SUMMARY 


The agar double diffusion method of Ouchterlony indicates that rattlesnake 
venoms are composed of at least 4 to 7 antigenic fractions. At least 3 of these 
are widely shared within the group and at least 3 others are less widely shared. 
There is reason to believe one of the latter fractions may be associated with a 
powerful neurotoxin. The venoms of the rattlesnakes have one or more antigens 
in common with the venoms of the North American moccasins, Aghkistrodon. 
The North American crotalid antivenin (Wyeth) is immunologically polyvalent 
against the venoms of all of the 14 species of rattlesnakes tested. 
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unter mitarbeit von G. Funrmann, H. Knirraen, H. Lippert, W. Minnina, W. Monr, 
H. Miutrrorpt, E. Retcuenow, H. Voce., A. Westenat, F. Weyer. 432 pp. illus 
trated. Stuttgart, Georg Thieme Verlag; New York, Intercontinental Medical Book 
Corporation, 1956. DM 64., $15.25. 

Since 1942 the German medical literature has had no book that presents in condensed 
form the progress made in tropical medicine. The staff of the Bernara-Nocht-Institut fiir 
Schiffs und Tropenkrankheiten at Hamburg, under the able editorship of Prof. Ernst Georg 
Nauck, has filled this gap admirably. In a superbly printed, illustrated and bound edition 
the text is clear, precise, interesting and readable. Even the reader who is not too familiar 
with German will have no great difficulty in reading it. 

At first one is surprised that there is no bibliography, not even mention of the major 
sources of material for the volume. But on further consideration one realizes that in a single 
small volume of primarily practical information text was necessarily given preference over 
bibliography. The volume, intended for students and for those attending courses in tropical 
medicine at Hamburg, serves as an introduction, a guide and a counselor to study 
and research. 

It ranges over such widely separated subjects as diseases caused by helminths, protozoa, 
spirochetes, bacteria, rickettsiae, viruses and fungi; separate chapters deal with injuries 
attributed to nutritional deficiencies, diseases induced by different etiologic factors and 
some comment on venomous animals. There is an interesting introductory chapter on 
arthropods as causes of disease and as vectors. The presentation is well laid out and repre 
sents in tables and illustrations an excellent condensation of the present knowledge of 
medical entomology. It even includes advice about preservation of entomologic specimens 
and the use of insecticides. Apparently the fact that transmission of rickettsialpox through 
Allodermanyssus sangineus in the U.S.A. and the U.S.S.R. is now recognized (p. 15) was 
overlooked in the preparation of Table 17 (p. 277). 

In each chapter covering a disease there are a general introduction to the biology of the 
causative agent and a description of the techniques used in study, distribution, mode of 
transmission, pathogenesis, clinical forms, diagnosis, differential diagnosis and therapy. 
The illustrations are exceptionally well selected, and some are magnificently reproduced 
in color. Whenever the microphotographs are not too clear, a black and white drawing 
explains the details of the photograph. 

One might complain a little about a few misconceptions expressed in the chapter on 


1108 





BOOK REVIEWS 1109 


plague. Modern plague control and prophylaxis focus their attention and efforts primarily 
on suppression of fleas and secondarily on the suppression of rats. It is said (p. 201) that 
fully virulent killed plague bacilli effectively protected American troops stationed in Korea 
during the spring of 1953. This would be reassuring if it were true, but natural plague did 
not exist in the battle area at that time. One wonders if the authors unwittingly accepted 
certain pernicious propaganda on bacterial warfare. 

A critical reader can read this book with delight, because it is essentially so evenly bal- 
anced and so free from errors and misinterpretations. Here one can learn the art of sum- 
marizing a vast literature and can find a high standard of text for quick, informa- 
tive orientation 

K. F. Meyer 


Meat Hygiene. A compilation of material from various contributors. Geneva: World 
Health Organization Monograph Series No. 33. 1957. 527 pp. Price, £2/10s, $10.00 or Sw. 
fr. 30. 

Sixteen meat-hygiene authorities contributed comprehensive reviews of as many sub- 
jects which combined together, form an excellent advanced text-book on current practices 
in many parts of the world. It covers the subject from live-animal transportation problems 
to retail-market display practices. Particular topics include ante-mortem and post-mortem 
inspection principles, abattoir construction guides, laboratory techniques, processing of 
meat and waste products, epidemiology of meat-borne diseases, training of meat inspectors 
and other administrative fundamentals. Numerous problems and suggestions concerning 
operations in the tropical areas of the world are provided, although not as extensively 
covered as those of Europe and the United States. However, since principles are stressed 
more than techniques of a localized nature, applicability of the material is not necessarily 
restricted to any particular area. 

The monograph includes the important conclusions and recommendations of the WHO/ 
FAO Seminar on Meat Hygiene held in Copenhagen in February 1954. Many of the papers 
read at the meeting have been brought up to date, and these form the basis of this volume. 
Numerous photographs and tables are included, as well as an index, and a thorough bib- 
liography. 

ALAN LIVINGSTON 


Insects of Micronesia. Diptera: Culicidae, by Ricuarp M. Bouarr. Bernice P. Bishop 

Museum, Honolulu, volume 12, number 1, pp. 1-85. 1957. Price $1.75. 

This extensive and valuable publication brings up to date the knowledge that has accu- 
mulated on the mosquitoes of Micronesia since the appearance of the first comprehensive 
work on this subject by Bohart and Ingram in 1946 (NavMed 1055, 110 pp.). Included within 
the area of treatment are the Caroline Islands, the Volcano Islands, the Mariana Islands, 
the Marshall Islands, and the Gilbert Islands. The previously reported total of 21 named 
species for this geographical area has been more than doubled and now stands at 45. This 
rather startling increase has been made possible largely by recent extensive field research 
by the author. Support for this work was provided by the United States Office of Naval 
Research, the Pacific Science Board (National Research Council), the National Science 
Foundation, and the Bishop Museum. 

The introductory material includes a brief account of the zoogeography of Micronesia 
and of the degree of species endemism encountered in each of the distinct island groups, 
of the larval habitats encountered, and of the relationship of the Micronesian mosquito 
species to disease. In this connection, it will be of interest to medical personnel to know 
that only one anopheline species occurs in Micronesia, Anopheles (Myzomyia) subpictus 
indefinitus (Ludlow) on Guam. It is presumably a post-war introduction from the Philip- 
pine Islands. Fortunately, the preference of this mosquito for the blood of domesticated 
animals seems to remove it from the human disease picture. However, the presence of proven 
vectors of filariasis and of probable vectors of Japanese B encephalitis in the area em- 
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phasizes the potential value of this publication to workers in the field of preventive medicine 
and public health. 

The basic text consists of comprehensive keys to the adults, based both on external 
characters and on male genitalia, and to the larvae (a partial key to the pupae is included) 
and of a detailed discussion of the taxonomy, biology, and distribution of each species. With 
the author’s customary thoroughness, each species is amply illustrated. The mosquito 
taxonomist will be interested in the elaboration given on the systematics of the Aedes sub- 
genera, Finlaya and Stegomyia, since the discovery in Micronesia of several new species in 
these subgenera contributes significant new information to previous concepts of these 
groups. The careful documentation of type data, synonyms, and of material studied is to 
be commended. It is believed that this fine new publication will remain the definitive work 
on the mosquitoes of Micronesia for many years to come. 

Kennetu L. Kniautr 


Specifications for Pesticides. Insecticides, Rodenticides, Molluscicides, and Spraying and 
Dusting Apparatus. 400 pages, 22 figures, 4 tables. Geneva, World Health Organization, 
1956. $8.00 (clothbound). 

This manual contains the various specifications established by the WHO Expert Com- 
mittee on Insecticides for pesticides against vectors of diseases of man and for apparatus 
for applying them. It is intended to serve as a guide for users and manufacturers of these 
products and sprays. The first part gives specifications for technical grade insecticides, 
water-dispersible powders, emulsion concentrates and dusting powers, and for auxiliary 
chemicals (anti-louse chemicals, synergists and anti-oxidants). The next two parts deal 
with rodenticides and molluscicides and the fourth part gives specifications for compression 
sprayers, hand sprayers, stirrup-pump-type sprayers and for hand-carried and front-carried 
dusters. 

The advertising leaflet states that ‘‘Annexes contain photographs and diagrams of vari 
ous types of apparatus”’ but unfortunately nothing of the sort is included; they would have 
added to the value of the manual. 

This volume supersedes the work on “Insecticides : Manual of Specifications’’ published 
in 1953 in a loose-leaf binder, and becomes the standard reference book in this field. 

L. W. Hackerr 


Guide to Medical Writing. A Practical Manual for Physicians, Dentists, Nurses, Pharma- 
cists, by Henry A. Davipson, M.D., editor, Journal of the Medical Society of New 
Jersey. Ist edition, 338 pages. New York, The Ronald Press Company, 1957. $5.00. 

This is a useful book full of practical advice to professional people in the health field who 
have something they want to put in writing for publication. It is written by an editor and 
is full of examples of how not to say it, drawn from a long and somewhat discouraging experi 
ence. It includes specific instructions on abbreviations, spellings and capitals which bother 
a doctor; discusses the common grammatical mistakes which bother an editor, and even has 
a short essay on the practice of drawing fallacious conclusions from inadequate data which 
bothers a statistician and makes him despair of the medical profession. There is also techni 
cal information on how to prepare a manuscript, correct a proof and deal with editors and 
publishers. It is aimed strictly at practicing physicians, dentists, nurses and pharmacists. 
Another chapter or two might have made it useful also to medical scientists, but as it stands, 
it will not be of much value to them except in the most general way. 

L. W. Hackxerr 
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